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(57) Abstract 



This invention concerns compounds for inhibiting intracellular signal ttansduction, especially intracellular signal transduction mediated 
by one or more molecular interactions involving a phosphotyrosineH:ontaining protein. This invention also relates to pharmaceutical 
compositions containing the compo\mds and prophylactic and therapeutic methods involving pharmaceutical and veterinary administration 
of the compounds. The compounds are of formula (I) as defined herein. 
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Novel Signal Transduction Iniiibitors, 
Compositions Containing Tliem 

10 

Field of tlie invisntion 

Tills invention concerns a new class of compounds whldi have a broad range of 
useful biological and phannacoiogical activities. In particular, these compounds are useful 
15 for inhibiting Intracellular signal transduction, especially Intracellular signal transduction 
mediated by one or more molecular interactions involving a phosphotyrosine-containing 
protein. This invention also relates to pharmaceutical compositions containing the 
compounds and prophylactic and therapeutic methods involving phamiaceutical and 
veterinary administration of the compounds. 

20 

Background of the Invention 

Cellular signal transduction, l.e., tiie series of events leading from extracellular 
events to Intracellular sequelae. Is an aspect of cellular function in both normal and disease 
states. Numerous proteins that function as signal transducing molecules have been 
s identified, including receptor and non-receptor tyrosine kinases, phosphatases and other 
molecules with enzymatic or regulatory activities. These molecules generally demonstrate 
the capacity to associate specifically witii otiier proteins to f omi a signaling complex that 
can alter ceil activity. 

Signaling proteins often contain domaln(s) of consented sequence which constitute 
ao catalytic domains such as kinase or phosphatase domains, or sewe as non-catalytic 
modules ttiat direct protein:protein or ottier Inter- or intramolecular interactions during signal 
transduction. Such domains include among otiiers, Src homology 2 ("SH2") and 
phosphotyrosine interaction (Tl") domains. SH2 and PI domains recognize, i.e., bind to, 
proteins containing characteristic peptide sequences which include one or more 
S phosphorylated tyrosine ("pTyf") residues. Significant infomiation related to such 
domains, proteins containing them, tiie production of proteins containing such domains 
(including protein fragments and fusion proteins), the characteristic peptide sequences 
which they recognize and the biological and/or clinical role played by the interactions of 
such proteins has been described in the scientific literature. See e.g. US 5667980, 
40 PCTAJS97/02635 ("Cell-Based Assay") and WO 97/39326 ("In Vitro Fluorescence 

Polarization Assay") and references cited tiierein for additional background information on 
SH2 and PI domains, inhibition of Intemiolecular interactions mecfiated by such domains, 
assays and related topics. 
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The protein domains of the tyrosine Idnase. Src. gave rise to the "Src homology" 
("SH") nomenclature and illustrate this class of proteins. At least nine members of the Src 
family of tyrosine kinases have been identified to date in vertebrates including Src 
(altematively known as c-src and pp60c-src). Fyn. Yes, Lyn. Hck, Fgr, Blk and Yrk. 
5 Sequence analysis of the Src tyrosine kinases reveals that each family member contains 
an N-temiinal membrane anchor, a poorly conserved "unique" region of 40-70 amino acids, 
a Src homology 3 (SH3) domain of about sixty amino acids capable of protein-protein 
interactions with prollne-rich sequences and a Src homology 2 (SH2) domain comprising 
about 100 amino acid residues which mediates binding of the Src family member of 
10 phosphotyrosine-(pTyr) containing peptides and proteins (reviewed In Superti-Furga. 
FEBS Lett. 369:62-66 (1995). Several cognate phosphoproteins known to bind the Src 
SH2 domain Include middle T antigen. PDGF receptor. EGF receptor, and focal adhesion 
kinase (FAK). See Courtneidge et al. J. Virol. 65:3301-3308 (1 991): Mol et al. EMBO J. 
12:2257-2264 (1993); Luttrell et al. Proc. Natl. Acad. Sci. USA 91:83-87 (1994); and Xing 
15 et al. Mol. Biol. Cell 5:41 3-421 (1 994). For additional information on other SH2 domains 
(including, e.g., ZAP-70, Syk. She. Tsk, Btk. VAV. Grb2. Crk. STATs) and PI domain- 
containing proteins, see WO 97/39326 and references cited therein. 

The molecular structure of several SH2 domains has been solved and, in 
particular, the mplecular stmcture of certain SH2 domains in complex with a 
2D phosphotyroslne-oontaining peptide or peptide analog has been elucidated. See 
Waksman et al. Cell 72:779-790 (1993); Xu et al. Biochemistry 34:2107-2121 (1995); 
Hatada et al. Nature 377(6544), 32-38 (1995). Whereas the general consensus sequence 
of Src family SH2-binding peptides, for example, comprises a pTyr-X-X-(Leu/lle) motif, 
SH2 domain binding specificity is thought to be influenced significantly by the specific 
s amino acids located carboxy-temiinal to the pTyr residue. For example, the pp60c-src, 
Fyn, Lck and Fgr SH2 domains prefer the sequence pTyr-Glu-Glu-lle. See Songyang et 
al. Cell 72:767-778 (1993). Ciystallographto data concerning pp60c-src SH2 in complex 
vm\ synthetic peptides has revealed, in particular, two important binding detemiinants for 
binding to phosphotyrosine-contalning proteins or peptides: the phosphotyrosine binding 
30 site which Is electropositive in nature suchthat phosphotyrosine binding is stabilized and 
the lipophilic binding site which stabilizes binding of pTyr+3 residues within the 
phosphotyrosine-containing peptides via hydrophobic contacts. Reviewed by Brown 
and Cooper, Biochlm. Biophys. Acta 1287 (2-3):121-149 (1996). 

Stnictural studies of phosphotyrosine-containing peptides complexed with isolated 
S SH2 domains has provided infonnation regarding the molecular Interactions of peptide 
llgands with the SH2 domain peptidyl binding site. Recent attempts have been made to 
extrapolate these data to design novel peptide llgands and peptidomimetic agonists of 
SH2-mediated signaling. For example, Plummer et al reported that incorporation of C- 
tenninal D-amino acid residues to tripeptide SH2 domain llgands increases affinity relative 



2 
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to their L-amino acid-containing counterparts. See Plummer et al, Drug Design Discovery 
13:75-81 (1996). Burke et al reported that hexapeptldes containing dlfluoro- 
(phosphonomethyl)phenylalanine bound SH2 domains with high relative affinity 
compared to analogous pTyr peptides and were resistant to naturally-occurring cellular 
5 phosphatases. Studies of the pTyr residue of peptide agonists of the Src SH2 domain 
have shown that that phosphate ester is important for molecular recognition, and that 
significant loss in binding occurs when it is replaced with sulfate, carboxylate, nitro.^ 
hydroxy or amino groups. See Gilmer et al. J Biol Chem 269:3171 1 -31719 (1 994). 
Many signaling pathways which play critical roles in disease processes are 
10 mediated by the binding of a phosphotyrosine-containing protein or protein domain with 
an SH2 or other protein receptor for a tyrosine-phosphorylated domain. Pharmaceutical 
agents which interfere with signaling mediated by such molecules. e.g., which interfere 
with the fomiation or stability of such signaling complexes, may be used for precise 
intewentlon In these complex biological processes in order to treat or prevent the diseases 
15 or pathological effects mediated by such signaling. Such interference may be achieved 
through a variety of mechanisms, including competitive inhibition of a phosphotyrosine- 
containing ligand with its receptor (e.g.. with an SH2-containing protein), inhibition of 
phosphoiylation of the tyrosine residue of such a ligand. inhibition of activation of a kinase 
which catalyzes the phosphorylation of a ligand in a signaling pathway, etc. 
ZD Compounds that can enter cells and block a signal transduction pathway of 

Interest, such as an SH2-medlated pathway, would be of great Interest as reagents for 
bldoglcal research and for pharmaceutical and veterinary uses. 



25 Summary of the Invention 

This invention concems compounds of Fonnula I. or phamnaceutlcally acceptable 
derivatives thereof: 




1 R^R2 



in which 



Yls 



3 



suBSTmrre sheet (rule 26) 



wo 99/24442 



PCT/US98/24168 




G is -0-, -S- or -NR-; 

5 R« comprises -APO3RR'. -OPOgRR*. -ASO3R. -OSO3R. -ACO^R. -A-tetrazole. 
-ASOgNRR'. -ACOCF3. -(C=0)J. -C(R)(J)(K) or -C(Z)(J)(K); 

where each occurrence of A is independently a covalent bond. -G-M- or -{M)„-: 

10 each occurrence of M is an independently selected, substituted or unsubstituted. 

methylene moiety, and any M-M' moiety may be electronicaHy saturated or unsaturated 
and/or may be part of a 3-8-membered ring. Illustrative "M" moieties include -CHg-. 
_CHF-. -CF2-. -CHOH- -CH(Me)-. etc. 

15 Each n is independently 0, 1 , 2, 3. 4 or 5 (in many embodiments n Is 0. 1 or 2); 

each m is independently 0, 1 or 2; 

J and K are independently selected from the group consisting of -APO3RR . 
2D -OPO3RR'. -ASO3R. -OSO3R. -ACOgR. -A-tetrazole. -ASO^NRR". -(M)„NRR' 
and -(M)„OR; 

Z is a halogen (i.e., F, CI, Br or I); 

s R^ and R'^ are independently R. -CN. -NOg. Z. J. -A(M)„aliphatic. -G(M)„aliphatic . 
-(M)„COR (including e.g.. -iM)^COCF^). -(M)„OR. -(NI)„COOR. -A-(M)„NRR'. 
-G-(M)qNRR'. -(M)„CHO. -A(M)„N(R)(CO)R'. -A(M)„N(R)(C0)GR'. 
-G(M)qN(R)(CO)R'. -G-(M)^N(R)(CO)G'R'. -A-(M)„-C0-NRR'. or 
-G-<M) -CO-NRR, where the aliphatic groups may be substituted or unsubstituted; or 
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1Q 



15 



r8 is a covalent bond to an R* substltuent of X forming an aliphatic, aryl or heterocyclic 
ring of 4 to 8 atoms (induding, for example a 5-membered nitrogen-containing ring of an 
indole moiety); 

Each occurrence of R (unnumbered) represents hydrogen or an aliphatic, heteroaliphatic, 
aryl. heteroaryl, (aryl)aliphatic-. or (heteroaryl)aliphatio- moiety, each of which (other than 
hydrogen) may be substituted or unsubstituted, e.g.. with any of the various substituents 
listed, illustrated or othenwise disclosed herein. While each occurrence of "R" within a given 
compound is thus independently selected, where multiple R groups are depicted In the 
same figure or moiety, the various R groups are generally mariced R, R", R" and so on. as 
a reminder that they may be the same or different. (The same is true In the case of 
numbered "R» groups and other variables such as "m", "n". "M", etc. where apostrophes 
are used for the same purpose. Note also that the n M groups In a "M^" moiety may be 
the same or different from one another.) 

q is an Integer from 1 to 8. and in many embodiments is 1 , 2 or 3; 

R^ is hydiogen, aliphatic,-(M)„-cycloaliphatic. -(M)„-aryl, or-(M)„-heterocyclic, each of 
which, other than H, may be substituted or unsubstituted (including, e.g. with moieties 
ZJ such as -(M)nC02R. -(IWI)„C(0)NRR'. -(M)nZ, -(M)nCN. -(M)„tetrazole, etc.); 

r2 is hydrogen or substituted or unsubstituted aliphatic, which is optionally covalently 
linked with R^ to form a ring; 

S or R^ or R^ are covalently linked to B or to a substituent of B to fonri a 4 - 1 0-membered 
ring (which may be saturated or unsaturated); 

Xis: 




30 



r3 is hydrogen. R(CO)NR'-, RR'N(C0)NR"-. R'SOgNR-, R'CSNR-. RR'NCSI^R"-. 



RR'NSOgNR"-, R'OCONR- RR'N-, or 
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C^^NCONR— • 

is hydrogen, aliphatic (which may be branched, unbranched or cyclic). 
cycloaliphatio-(M)n-. aryKM)^- heterocyclMM)^-. RSOgCM^)- . (C02R)(M)„- or 
5 (RR'N-CO)(M)n. where the aliphatic, cycloaliphatic, aryl and heterocyclic groups are 
substituted or unsubstituted; 

Bis 




where 

R®« r""' and r" are independently selected from -(M)„R, -G(M„)R, -(M)„Z. 
-(M)„CN, -(M)„GR, -(M)„NRWR, -(M)nNRW-GR, -(M)„W-R, -G-(M)„W-R, and 
15 -{M)„W-GR, and Include moieties such as , -0(M„)aliphatic, -0(M„)cycloaliphatic, 
-0(Mn)heterocyclic and -0(M„)aryl, where the aryl, heterocyclic, aliphatic and 
cycloaliphatic moiety may be substituted or unsubstituted, as well as moieties such as R, 
-OR, -SR, -CHO, -COR, -COOH (or amide, ester, carbamate, urea, oxime or carbonate 
thereof), -NHg (or substituted amine, amide, urea, carbamate or guanidino derivative 
2D therof), halo, trihaloalkyl. cyano, -SO2-CF3. -OSOgF, -OS(0)2R. -SOg-NHR, - 

NHSOgR. sulfate, sulfonate, aryl and heteroaryl moieties. Alternatively, R^° and r" are 
covalently linked together to fomn an aliphatic, hetercyclic or aryl fused ring, typically of 5 - 
7 members. For example, in some embodiments, R""* and R^^ comprise -G-(M)„-G'-. as 
illustrated by the following structure for B where, for the sake of example, each M is 
s -CH2- and n is 3: 



6 
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where in some cases G Is -O- and G' is -S-. for example. 

and R^^ are independently selected from the group consisting of hydrogen, 
aliphatic, heteroaliphatic. aryl. heteroaryl. (aryl)aliphatic-. or (heteroaryl)aliphatic, each of 
which (other than hydrogen) may be substituted or unsubstituted; (including e.g., 
hydrogen, aliphatic, -M„-cycloaliphatic, -M„-aryl. -M„-heteroaryl. or -M^COaR. where 
the aliphatic, cycloaliphatic, aryl or heteroaryl moiety(ies) is(are) substituted or 
unsubstituted) or R^^and R^^ are covalently linked together to fonn a heterocyclic moiety: 

R^* is R (and is preferably H):and, 

U and W are independently -CO-, -CS-, -M-, -SO-, or -SO2-. 

15 In embodiments in which R^ is (H203P)2CH-, particulariy where R^ and R» are H. B is 
-C(0)NRR', and X is -CHNR-. R* is other than a hydroxamic acid-containing moiety 
(i.e.. does not comprise -NHOR where R is H, substituted or unsubstituted benzyl, 
trialkylsilyl. t-butyldiphenylsilyl. tetrahydropyranyl or t-butyl)). 



10 



20 



Also, in embodiments in which Y is of the structure (a), shown above, where R^ is 
-OPOaRR. -CFgPOgRR'.-CHgPOaRR". -SO3R, -OSO3R. -CH2SO3R, -SO2NH2. 
or -CHgSOgNHg: and B is -C(0)NRR' or 




where is H. Z or alkyi; *«s H. alkyl. -OR. -0(CH2)„aryl, -NRR', 
-0(CH2)n-substituted alkyl. -SR. -0(CH2)n-substituted aryl or -(CH2)n-cycloalkyl; 
r20 is H. substituted or unsubstituted alkyl. -OH or -NH2. where the R groups are 
independently H. alkyl. cycloalkyl -(CHg)^-. aryl -iCHz)^- heteroatyHCHg)^- or 
-(CH2)(CH2)n-COOH. where the alkyl, cycloalkyl. aryl and heteroaryl moieties are 
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substituted or unsubstituted, then and are both a moiety other than H or Me. or R 
is a moiety other than CI (including in the cases of pharmacuetically acceptable sals, 
amides, esters or prodrugs thereof). 

Compounds of Formula I thus include compounds having the following structures: 

and comprise a number of subgenera of particular interest. Representative subgenera are 
illustrated in the examples which follow. 

10 

One subgenus includes compounds In which at least one R* moiety is H and at least one 
r3 moiety is either H or NHg. Compounds of the latter sort Include those In which X is 




15 Also of interest are the subgenera of compounds in which the nitrogen atom of the moiety 
X is further elaborated, as depicted below: 





where R^ comprises a substituted or unsubstituted, lower (i.e.. containing 1 - 8 carbon 
23 atoms) aliphatic or alkoxyl group, or Is a substituted or unsubstituted -<M)n-aryl or 

-<M)„-heterocyclic (Including e.g.. substituted and unsubstituted phenyl or benzyl group, 
or a homolog and heterocyclic analog tiiereof. including e.g.. 2-naphtiiyl. 3-indolyl, and 1- 
Irradazolyl)-, 
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Such compounds are further illustrated by the subset thereof in which comprises 
-(IVDnCHg. -(M)naryl. -(M)„heterocyclic, -{M)nCN. -(M)„COOR. where n is 0. 1 . 2. 3. 4. 
or 5. For instance, in some such compounds is a substituted or unsubstituted methyl, 
ethyl, n-propyl. i-propyl, n-butyl, sec- butyl, t- butyl, n-pentyl, sec- pentyl, i-pentyl, 
cycio pentyl, etc. or benzyl moiety. In other such compounds R^ comprises -(CH2)nCH3. 
-(CH2){CH2)naiyl, -(CH2)(CH2)nheterocyclic. -(CH2)(CH2)nCN or 
-{CH2)(CH2)nCOOR, where n again Is 0, 1 . 2, 3, 4, or 5. Examples of such compounds 
Include those In wWch R^ comprises -CH2CN, -{CH^y^^z^' -{Oii^z^O^R, 
-{CH2)3C02R, -<CH2)4C02R, where R Is H, lower alkyi or benzyl and those In which 
r5 comprises -0-(substituted or unsubstituted lower alkyI or benzyl). 

Another subgenus of Interest includes amides of the f omnula: 




where R* Is hydrogen, substituted or unsubstituted aliphatic (which may be branched, 
unbranched or cyclic, but preferably does not contain a hyroxamic acid moiety, -WHOR, 
where R Is H, a subsHuted or unsubstituted benzyl, trialkylsilyl, t=butyldiphenylsilyl. 
tetrahydropyranyl ort-butyl group), substituted or unsubstituted aryl-(M)„-, substituted 
or unsubstituted heterocyclio-{M)n- or (C02R)(M)„-. Such compounds are illustrated by 
those in which Is -{M)„(CO)OR, -m^SO^Pi. -(M)„(C0)NRR'. or -<M)„(tetrazole), 

including, for example, compounds In which R* Is -CHgCOOR, -CH2SO2R. 

-CH2(C0)NRR', or-tetrazoie. Simple members of this subgenus are those in which the 

R group(s) of R* is (are independently) H, lower alkyl (e.g., methyl, ethyl, n-propyl, 

isopropyl, n-butyl, isobutyl, tbutyl, etc.) or benzyl. 

Another subgenus includes ureas of the fonnula: 
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where R^. R*. R^*. Y and m are defined as above. Thus, R* may be simply H or 
may be a more complex R* moiety such as are noted above. 

5 

Another subgenus Includes antides of the formula: 



R^* 

10 In many examples of the foregoing compounds, one or more R moieties (R*. R" etc) are H. 
Also, in many compouncls of Fonnula I of interest, R^"* is H. 

One subgenus of interest includes compounds of Formula I, Including the examples 
described or illustrated above, in which m is 1 , R^ is H. and R^ comprises H, -m^^. 

15 -(M)„-(substltuted or unsubstituted lower alkyi), -(M)n-{substituted or unsubstituted 
aryl). -(M)„-(substituted or unsubstituted heterocyclic), -{M)„-COOR, or 
-(M)^(CO)NRR*. That subclass is illustrated by compounds in which R^ is H, and R^ 
methyl, ethyl, i-propyl, n-propyl. n-butyl. isobutyl, n-amyl, seo-amyl. isoamyl. 
substituted benzyl. -CHg-KS-indolyl). -CH2-(4-imidazolyl). -CHgCHgCOOR, 

23 -CH2CH2CONH2, -CH2COOR or -CH2CONH2. 

Another subgenus includes compounds of Formula I, Including compounds of the sort 
described or illustrated above, in which R"" and R^ are independently selected, 
substituted or unsubstituted lower aliphatic groups, usually of 1 - 8 contiguous carbon 
S atoms, or R"" and R^ are covalently linked to each other to fomi a ring, which may be a 
substituted or unsubstituted, aliphatic or heterocyclic ring or ring system (e.g. a bicyclic 
moiety), generally containing 3-10 annular atoms. Compounds containing an 

10 
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unsubstituted 3-10-memberecl ring are illustrated by the following formula, where q is an 
integer from 1 to 8: 




Another subgenus includes compounds of Formula I, including the examples described or 
illustrated above, in which m is 2, and each of R^ R^', R^, and R^' is independently 
selected from H. -(M)nH. -(M)„(lower alkyl). -<M)n(aiyl). -(M)n-{heterocycfic). 
-(M)^-COOR and -{M)j^(CO)NRR', where the lower alkyl. aryl or heterocyclic moiety is 
10 substituted or unsubstituted.. In some such compounds, each of r\ R""*, R^, and R^ is 
H. 

Another subgenus of compounds of interest are compounds of Fomnula I. Including the 
examples described or illustrated above, in which at least one of R"* and R^ is methyl, 
15 ethyl, i-propyl, n-propyl, n-tutyl, isobutyl, n-amyl, seo-amyl, isoamyl, substituted 
benzyl, -CHg-KS-indolyl), -CHg-CA-imldazolyl). -CHgCHgCOOR, -CH2CH2CONH2, 
-CHgCOOR or -CH2CONRR', or R^ and R^ are covalently linked to forni a ring. In 

some cases, at least one of R"", R"*', R^, and R^' is methyl, ethyl, i-propyl, n-propyl, 
n-butyl, isobutyl. n-amyl. sec--amyl. isoamyl, substituted benzyl. -CH2-{3-indolyi), 

2) -CH2-(4-imidazolyl), -CHaCHgCOOR, -CHgCHgCONHg. -CHgCOOR or 

-CHgCONRR', or two of R**, R^'. R^ and R^' are covalently linked to form a ring, which 
as in other cases, may be a substituted or unsubstituted, aliphatic or heterocyclic ring or 
ring system (e.g. a bicyciic moiety), generally containing 4-10 annular atoms. 
Compounds containing 3-, 5- and 6-membered rings are illustrated by the following 

25 fomiulas: 
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One subgenus of compounds of this invention, i.e.. of compounds of Fomiula I. Including 
among others the members of the various illustrative classes of compounds noted above, 
includes those compounds of Fomiula I in which m is 0: 



10 



H 



Compounds of Formula I. including, among others, compounds of the various subgenera 
described above. Include those in which Y comprises 



p8 




Such compounds in which R« comprises -APO3RR'. -OPO3RR'. -ASO3R, -OSO3R. 

15 -ACO2R. -A-tetrazole. -ASOgNRR'. -ACOCF3. -C(R)(J)(K) or -C(Z)(J)(K): and. 
r7 and R** are independently H. -CN. -NOg. halogen, J. -A-(M)„substituted or 
unsubstituted aliphatic. Hm„OOCF^. -(M)„OH. -(M)„COOR. -A-(^A)„NRR\ 
-(M)„CHO. -A-(M)„N(R')(CO)R" or -A-(M)„-C0-NRR' are of particular interest This 
set of compounds is illustrated by those in which R^ comprises -APO3RR , 

2D -0P03RR'. -ACO2R. -ACOCF3 or -C(R)(J)(K); A comprises -M„- (e.g.. -CHg-. 
_CF2-, -CHF- . -CHOH-, -CHgCFa". etc), -GM- (e.g. -OCHg-) or a covalent bond; 
each R and R' is H, or substituted or unsubstituted lower alkyi or substituted or 
unsubstituted benzyl; and. R^ and R» are independently H. J. -A-(M)„substituted or 
unsubstituted aliphatic. -(M)^C0CF3, -(M)^OH. -(M)„COOR. -A-(M)„NRR'. 
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■-(M)„CHO. -A-(M)„N(R)(CO)R' or -A-(M)„-C0-NRR'. For example, in some such 
cases. R« comprises -POgRR. -OPOgRR. -CH2PO3RR'. -CFgPOaRR. 
-OCH2CO2R. -NHCH2CO2R. -CH2CO2R. -CF2CO2R. -CH2SO3R. -CF2SO3R. 
-CH2COCF3. -CF2COCF3. -CH(P03RR')2. -CH(0H)(P03RR'). 
5 -CH(NH2)(P03RR'). -CH(C02R)2. -CF(C02R)2. -CHCPOgRRKCOgR"). 
-CHCPOgRRXSOgR"). -CH(P03RR')(S02NH2). -CH(S02NH2)2. or 
-CH(S03RR')2. In some such compounds, one or more of R, R' and R" In the -PO3RR . 
-OPO3RR'. -CH2PO3RR'. -CF2PO3RR'. -OCH2CO2R. -NHCHgCOgR. 
-CH2CO2R. -CF2CO2R. -CH2SO3R. -OFgSOaR. -CH2COCF3. -CF2COCF3. 
10 -CH(P03RR')2. -CH(0H)(P03RR'). -CH(NH2)(P03RR*). -CH(C02R)2. 
-CF(C02R)2. -CHCPOaRRKCOgR"). -CHCPOgRRKSOaR"). 
-CH(P03RR')(S02NH2). -CH(S02NH2)2. or-CH(S03RR')2molety is H. In others, 
one or more of those R groups is -(M)^-CH2Z. -{M)^-CHZ2. -{M)^-OZy -R^^, 
-M-0-CO-OR^5 or -M-O-CO-R^^, where Z is halogen and R^^ is substituted or 
15 unsubstituted lower aliphatic, aryl or heterocyclic. For example, in various embodiments. 
R« Is methyl, ethyl, n-propyl. i-propyl, n-butyl. Isobutyl, t-butyl, n-amyl. sec-amyl. 
benzyl or substituted benzyl, and M is CH2. CHR (e.g. CHCH3 etc.) and the like. Further 
illustrations Include -CHa-O-CO-OEt. -CH(Me)-0-CO-OEt. -CHg-O-CO-t-butyl. etc. 



2D 



In one subgenus of the foregoing compounds, R^ and R« are both H. In another 
subgenus. R^ is J. -A(M)„(aliphatic. atyl or heterocyclic, each of which being substituted 
or unsubstituted). -(M)„C0CF3. -(M)„OH. -(M)„COOR. -A-(M)„NRR\ -(M)„CH0. 
-A-(M)„N(R)(CO)R'. -A-(M)„-NRR' or -A-(WI)„-C0-NRR'; and R* Is H. The latter 
subgenus is illustrated by compounds in which R^ is lower allcyl, lower alkenyl, -OH, 
-NH2. -NOg. -CN. -NHR. -NHCOR. -CHO. -CHgCHO. -POgRR. -OPO3RR', 
-CH2PO3RR'. -CF2PO3RR'. -OCH2CO2R. -NHCH2CO2R. -CH2CO2R, 
-CF2CO2R. -SO3R. -CH2SO3R. -CF2SO3R. -COCF3. -COCH2F. -COCF2H. 
-CF2COCF3 or-S02NH2. In some such compounds, one or both of R and R' In 
-POgRR*. -OPOgRR*. -CH^POgRR'. -CF/OgRR*. -OCH^COgR, -NHCH^CO^R. 
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-CHgCOgR. -CFgCOgR. -SO3R, -CH2SO3R. or -CFgSOgR is H. In others, one or 
more of those R groups Is -{M)„-CH2Z. -(M)^-CHZ2. -(M)^-CZ3. -R^^. 
-M-O-CO-OR^^ or -M-O-CO-R^^, where Z is halogen and R^^ jg substituted or 
unsubstituted lower aliphatic, aryl or heterocyclic. For example, in individual cases, R^^ is 
5 methyl, ethyl, n-propyl. i-propyl, n-butyl, isobutyl. t-4)utyl, n-amyl, seo-amyl, benzyl or 
substituted benzyl, and M is CHg. CHR (e.g. CHCH3 etc.) and the lilce. 

In an illustrative subgenus, R^ comprises -APO3RR' (e.g., -OPOgHg) and r"' is 
-A-(M)„substituted or unsubstituted aliphatic. 

10 

In another subgenus, R® and R"^ are Independently selected from J and K. 

In another subgenus, R^ Is -C(R)(J)(K). Illustrative compounds of this subgenus include 
those in which R® is -CH(J)(K) and those in which R® is -C{R)(P03R'R'')(K). The 
15 latter compounds are illustrated by embodiments in which none, one, two or three of the R 
groups of the -C(R)(P03R'R'')(K) moiety are H. 

As in previously mentioned cases, compounds of this invention which contain a moiety J. 
e.g.. compounds of Formula 1 in which R^ is -C(R)(J)(K), include among others 
2D embodiments in which one or both of R and R' (e.g., of a -PO3RR' moiety) are R^^, 

-(M)^-CH2Z, -(M)„-CHZ2. -(M)m-CZ3. -M-O-CO-OR^S -M-O-CO-R^^ where 
Z is halogen and R^^ Is substituted or unsubstituted lower aHphatic, aryl or heterocyclic 
(e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl, isobutyl, t-butyl. n-amyl, seo-amyl, 
benzyl or substituted benzyl), and M is CHg. CHR (e.g. CHCH3 etc.) and the like. 

One group of compounds of Formula I, including those described by the various 
subgenera and illustrative examples disclosed herein, alt contain a moiety, B, of the 
fomnula: 
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Where R^' and R^^ are independently selected from -(M)„R. -G(M„)R, -(M)„Z. 
-(M)„CN. -{M)nGR, -(M)„NRWR. -{M)„NRW-GR, -(M)„W-R. -G-(M)„W-R. and 
-{M)„W-GR. Compounds of particular Interest include those in which R^ Is H or -WGR 
5 and R^° Is -G'M„R', as Illustrated by compounds in which R^ Is H or -C(0)NH2 and 

R^° is an -0(CH2)„(aiiphatic or cydoaliphatic) moiety. The aliphatic or cycloaliphatic 

moieties are illustrated by groups such as a substituted or unsubstituted methyl, ethyl. 

n-propyl. n-butyl. t- butyl, n-pentyl. or benzyl moiety or -CHR16r17 v,here R^e and 

R17 are independently selected lower aliphatic groups (such as methyl, ethyl, propyl. 
10 allyl. butyl, amyl. hexyl. etc) or are covalently linked together tombing a cycloaliphatic ring 

(e.g'. cyclopentyl. cyclohexyl. cycloheptyl. etc.). In many such compounds, n is 1 or 2. By 

way of further illustration, illustrative moieties include -OCHgCHMeg. 

-0CH2CH(Me)(Et), -OCH2CH(Et)2. -OCH2CH(Me)(Propyl). -OCH2CH(Et)(Propyl). 

-OCH2CH(Et)(Propyl). -OCH2CH(propyl)2. OCHgCyclopentyl, OCH2cyclohexyl or 
15 OCHaCycloheptyl. R^^ may be H or may be any of \he generally applicable substituents 

enumerated elsewhere herein. Compounds of particular current interest include those in 

which B is configured as follows: 



2) Another group of compounds of Fonnula I. including tiiose described by Vne various 
subgenera and illustrative examples disclosed herein, all contain a moiety. B, of the 
formula -C(0)NR"R^3. group is illustrated by compounds in which R^* is lower 
alkyland R^^ aHphatic. -M„-cycloaliphatic, -M„-aryl. -M„-heteroaryl. or-M„C02R. 
where \he aliphatic, cycloaliphatic. aryl or heteroaryl moiety(ies) is(are) substituted or 

S unsubstituted). Compounds of particular interest include those in which R" is 

_(CH2)n-aliphatic-{CH2)n-cycloallphatic. In such compounds, n in r" is often 2. 3 or 4. 

From the perspective of Y moieties, compounds of particular interest include those 
compounds of Fonnula I. including ttiose of ttie various subgenera and examples herein. 
30 Which have tiie following stnictures: 



15 



SUBSTITUTE SHEET (RULE 26) 



wo 99/24442 



PCT/US98/24168 




Of special note are compounds in wlilch comprises -POgRR', -OPOgRR", 
5 -OSOgNRR'. -(CH2)P03RR'. -(CF2)P03RR' or -CRJK; R^ comprises R (including 
among others. H, alkyl. alkenyl. etc.) -CN, amido, acylamino. J (e.g. -COgR). or-CHO. 
and R^ comprises H or one of the generally applicable substiuents mentioned herein. For 
example. In some cases. R« comprises -OPO3RR' or -(CF2)P03RR' and R^ is H. In 
some embodiments one or more R groups (including R'. R". etc) of R^ comprises 
10 -{M)^-CH^Z, -(M)„-CHZ2. -(M)„-CZ3. -R^^ -M-O^O-OR^^ or -M-O-C0-R«. 
where Z is H or halogen and R^^ is substituted or unsubsBtuted lower aliphatic, aryl or 
heterocyclic. For example, in individual cases, R^^ is methyl, ethyl, n-propyl, i-propyl. 
n-butyl, isobutyl. t-tutyl. n-amyl. sec-amyl, benzyl or substituted benzyl, and M is 
CHg. CHR (e.g. CHCH3 etc.) and the like. 

15 

Compounds of any of the foltowing subgeneric stnjctures are also of special interest: 
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These are Illustrated by the following more speolfic structures: 




R'Mr 1 



R8 



H 




R0.C-^Jr«3 



" H _ ^i" H , 

vv 



o R^R2 




B 

2 



,7 ff 



B 



O „Vo2 O R>R2 



Also of special interest are compounds of the formula: 




10 



15 



w where R^ is not H. 

Within these subgenera of special interest individual embodiments include compounds in 
which at least one of J. K or R« comprises -PO3RR'. -OPO3RR'. -MPOgRR'. 
-OMPOgRR*. -SO2NRR'. -OSOgNRR'. -ACO2R. -A-tetrazole. -CZJK or -CRJK. 
Such cases, are illustrated by compounds in which Ml is -CH2 or -CF^ or A is a covalent 
bond or is -OCHg-. In some such cases. J and K are independently selected from the 
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group consisting of -PO3RR'. -COOR. and -SOaNRR*. In some compounds of these 
subgenera of special interest R^ comprises R,-CN. -NOg. halogen, J. -A-(M)„aliphatic. 
-G-{M)„anphatlc . -{ND^COCFg. -{M)„OH. -(M)„COOR. -A-{M)„NRR'. 
-G-(M)qNRR'. -(M)„CHO. -A-(M)„N(R)(CO)R'. -G-(M)qN(R)(CO)R\ 
-A-(M)„-CO-NRR*. or -G-(WI)n-CO-NRR', where the aliphatic groups may be 
substituted or unsubstltuted; or R^ is a covalent bond to an R* substituent of X to fomi 
an aliphatic, aryl or heterocyclic ring of 4 to 8 atoms. In particular embodiments of such 
compounds, R^ comprises H. lower alkyl. lower alkenyl . -CHO or J. In various 
embodiments, one or more of the R groups (Including R', R". etc) of R^ or R^ comprise 
HM)^-CH^Z, -{M)„-CHZ2. -<M)„-CZ3. -R^^ -M-O-CO-R^^ or -M-0-CCM)R«. 
where Z is halogen and R^^ jg a substituted or unsubstltuted lower aliphatic, aryl or 
heterocyclic group. In some cases, one or more R groups (including R'. R", etc) of R^ or 
r7 is H. 

Compounds of this invention which are of special Interest include those which bind to a 
given SH2 domain (or protein containing such SH2 domain) with a ICgQ value of less than 
50 nM. preferably less than 20 nM. as determined by any scientifically valid method. In 
vitro or in vivo. SH2 domains of current Interest Include those of a Src, Fyn. Lck, Yes, BIk, 
Lyn. Fgr, Hck, Yrk. ZAP-70, Syk, STAT or Abl protein. 

Also of Interest are pharmaceutical compositions comprising a compound of this invention, 
or a phannaceutically acceptable derivative thereof, and one or more phamiaceutically 
acceptable exdpients. 

Compounds of this invention (or a composition containing such a compound) can be 
administered to cells or to animals, preferably a mammal in need thereof, as a method for 
Inhibiting SH2-mediatfid signal transduction therein. In particular cases, it will be 
advantageous to carry out that method using a pharmaceutical composition containing a 
compound which specifically binds to an SH2 domain of Src. ZAP-70. Syk. or STAT 6. or 
) which otherwise inhibits signal transduction mediated by the protein of interest In other 
cases it will be advantageous to carry out that method where the SH2-mediated signal 
transduction is mediated by a PDGF receptor protein, EGF receptor protein, HER2/Neu 

receptor protein, fibroblast growth factor receptor protein, focal adhesion kinase protein, 

pi 30 protein, or p68 protein. 
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Cases In which a mammal may be in need of inhibition of SHa-mediated signaling include 
cases in which the mammal has a proliferative disease, cancer, restenosis, osteoporosis, 
inflammation, allergies, or cardiovascular disease. In such cases, administenng a 
therapeutically effective amount of the composition to the mammal, preferably to a human 
patient will constitute treating or preventing ttie proliferative disease, cancer, restenosis, 
osteoporosis. Inflammation, allergic reaction, or cardiovascular disease in tiie recipient or a 
method for causing immunosuppression in tiie recipient 

Generally preferred compounds of Ms invention include any of ttie foregoing compounds 
which yield an observable IC50 value, when tested against an SH2 domain of interest 
and a pTyr-contalning peptide ligand (or mimic thereof) for ttiat SH2 domain, of 50 jiM or 
better preferably 5 ^M or better, more preferably 1 nM or better, and even more 
preferably. 500 nM or better, as detemiined by any scientifically valid measure, especially 
when ttie SH2 domain Is from a Src. Fyn. Lck. Yes. BIk. Lyn. Fgr. Hck. Yrk. ZAP. Syk, 
STAT or Abl protein. 

A pharmaceutical composition may be prepared containing a compound of tills invention 
(including a pharmaceutically acceptable derivative tiiereof) togetiier witii one or more 
phamiaceutically acceptable exciplents. 

A compound of this invention, preferably in ttie torn of a pharmaceutical composition, may 
be administered to a mammal in need ttiereof. preferably a human patient, as a metinod for 
inhibiting SH2-mediated signal transduction in tiie recipient mammal. In some cases, tiie 
compound may be selected based on its ability to specifically bind to an SH2 domain, e.g. 
of Src. ZAP-70. Syk. or STAT 6. etc.. or on its ability to inhibit a signal transduction 
patiiway mediated by an SH2 domain-containing protein. Such use of an appropriately 
selected compound of Ms invention tiius provides a mettiod for inhibiting SH2-mediated 
signal transduction which is mediated by a PDGF receptor protein. EOF receptor protein. 
HER2/Neu receptor protein, fibroblast growtti factor receptor protein, focal adhesion kinase 
protein. p130 protein, or p68 protein. Use of a compound of this invention may be 
particularly advantageous in cases in which tiie mammal has a proliferative disease, 
cancer, restenosis, osteoporosis, inflammation, allergies, or cardiovascular disease. In 

such cases, administering to the patient a tiierapeutically effective amount of a compound 
i of tills invention, preferably in the fomi of a phamiaceutical composition, provides a 

mettiod for treating or preventing a proliferative disease, cancer, restenosis, osteoporosis. 

inflammation, allergies, or cardiovascular disease In ttie patient. 
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Detailed Description of tiie Invention 



Compounds and DBfinitions 

As mentioned above, this invention provides a novel class of compounds useful 
5 as inhibitors of signal transduction pathways mediated by the interaction of protein 
receptors for phosphotyrosine-containlng proteins, such as proteins containing one or 
more SH2 domains, with their phosphotyrosine-containing ligands. Compounds of this 
invention comprise those of Formula I. set forth above, and are illustrated in part by the 
various classes, subgenera and subsets of compounds noted above, and by the various 
10 subgenera and species disclosed elsewhere herein. The compound may be in the form of 
an individual enantiomer. diastsreomer or geometric isomer, or may be in the fonn of a 
mixture of stereoisomers. 

Also included are pharmaceutlcally acceptable derivatives of the foregoing 
compounds, where the phrase "phannaceutically acceptable derivative" denotes any 
15 phamiaceutically acceptable salt, ester, or salt of such ester, of such compound, or any 
other adduct or derivative which, upon administration to a patient, is capable of providing 
(direcBy or indirectly) a compound as otherwise described herein, or a metabolite or 
residue thereof, preferably one which Is a signal transduction Inhibitor. Phamiaceutically 
acceptable derivatives thus include among others proKlmgs. A pro-dmg is a derivative of 
2) a compound, usually with significantly reduced phamnacologlcal activity, which contains an 
additional moiety which is susceptible to removal in vivo yielding the parent molecule as 
the pharmacologically active species. An example of a pro^mg is an ester which is 
cleaved in v/Voto yield a compound of interest. Pro-dmgs of a variety of compounds, and 
materials and methods for derivatizing tiie parent compounds to create the pro^mgs, are 
S known and may be adapted to tiie present invention. 

The temi "aliphaticf as used herein Includes botti saturated and unsaturated, 
straight chain (/.e.. unbranched), branched, cyclic, or polycyclic aliphatic hydrocarbons, 
which are optionally substituted witti one or more functional groups. Unless othenwise 
specified, alkyi, other aliphatic, alkoxy and acyl groups preferably contain 1-8. and in 
30 many cases 1-6. contiguous aliphatic cartjon atoms. Illustrative aliphatic groups thus 
include, for example, methyl, etiiyl. n-propyl. isopropyl. cyclopropyl. -CH2-cyclopropyl. 
allyl. n-butyl. sec-butyl, isobutyl. tert-butyl. cyclobutyl. -CHg-cyciobutyl. n-pentyl, sec- 
pentyl, Isopentyl. tert-pentyl. cyclopentyl. -CHg-cyclopentyl. n-hexyl. sec-hexyl, 
cydohexyl. -CHg-cydohexyl moieties and ttie like, which again, may bear one or more 
s substituents. 

Some examples of substituents of aliphatic (and otiier) moieties of compounds of 
tiiis Invention include: R. -OH. -OR. -SH. -SR.-CHO. =0, -COR. -COOH (or amide, 
ester, cartjamate. urea, oxime or carbonate tiiereof). -NHg (or substituted amine, amide. 
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urea, carbamate or guanidino derivative therof). halo, trihaloalkyl. cyano. -SO2-CF3. - 
OSOgF. -0S(0)2R. -SO2-NHR. -NHSO2R. sulfate, sulfonate, aryl and heteroaryl 
moieties. Aliphatic, heteraliphatic. aryl and heterocyclic substituents may themselves be 
substituted or unsubstituted {e.g. mono-, di- and tri-alkoxyphenyl; methylenedioxyphenyl 
5 or ethylenedioxyphenyl; halophenyl; or .phenyl-C(Me)2-CH2-0-CO-lC3-C61 alkyi or 
alkylamino). Additional examples of generally applicable substituents are illustrated by the 
specific embodiments shovim In the Examples which follow. 

The temt "aliphatitf' Is thus Intended to Include alkyl. alkenyl, alkynyl, cydoalkyl. 
cycloalkenyl, and cycloalkynyl moieties. 
10 As used herein, the temi "alkyi" includes both straight, branched and cyclic alkyl 

groups. An analogous convention applies to other generic tenns such as "alkenyl", 
"alkynyl" and the like. Furthermore, as used herein, the language "alkyl". "alkenyl". 
•alkynyl" and the like encompasses both substituted and unsubstituted groups. 

The term "alkyl" refers to groups usually having one to eight, preferably one to six 
15 carbon atoms. For example, "alkyl" may refer to methyl, ethyl, n-propyl, Isopropyl. 
cyclopropyl. butyl, isobutyl, seo-butyl. tert-butyl, cyclobutyl. pentyl. isopentyl tert- 
pentyl, cyclopentyl, hexyl. isohexyl. cyclohexyl. and the like. Suitable substituted alkyls 
Include, but are not limited to, fluoromethyl, difluoromethyt. trifluoromethyl. 2-fluoroethyl. 3- 
fluoropropyl, hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl. benzyl, substituted 
2D benzyl and the like. 

The term "alkenyl" refers to groups usually having two to eight, preferably two to 
six carbon atoms. For example, "alkenyl" may refer to prop-2-enyl, but-2-enyl. but-3-enyl. 

2- methylprop-2-enyl, hex-2-enyl, hex-5-enyl, 2.3-dlmethylbut-2-enyl, and the like. The 
language "alkynyl," which also refers to groups having two to eight, preferably two to six 

S carbons, includes, but Is not limited to. prop-2-ynyl, but-2-ynyl. but-3-ynyl, pent-2-ynyl, 

3- methylpent-4-ynyl, hex-2-ynyl, hex-5-ynyl, and the like. 

The tenn "cydoalkyr as used herein refers specifically to groups having three to 
seven, preferably three to ten carbon atoms. Suitable cydoalkyls indude. but are not 
limited to cydopropyl. cydobutyl, cyclopentyl, cydohexyl. cycloheptyl and the like, which, 
3D as in the case of other aliphatic or heteroaBphatic or hetetocydkj moieties, may optionally 
be substituted. 

The tent) "heteroaliphaticf as used herein refers to aliphatic moieties which contain 
one or more oxygen, sulfur, nitrogen, phosphorous or silicon atoms, e.g., in place of 
carbon atoms. Heteroaliphatic moieties may be branched, unbranched or cyclic and indude 
3B heterocycles such as morpholino. pyrroiidinyl. etc. 

The term "heterocyde" as used herein refers to cydic heteroaliphatic and heteroaiyl 
groups and preferably three to ten ring atoms total. Indudes, but is not limited to 
heteroaliphatic moieties such as oxetane. tetrahydrofuranyl, tetrahydropyranyl. aziridine. 
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azetidine, pyrrolidine, piperidine, morpholine, piperazine and the like, and heteroaryl 
moieties as described below. 

The terms "aryT and "heteroaryT as used herein refer to stable mono- or 
polycyclic. heterocyclic, polycyclic, and polyheterocyclic unsaturated moieties having 3 - 
14 carbon atom which may be substituted or unsubstituted. Substituents include any of 
the previously mentioned substituents. Non-limiting examples of useful aryl ring groups 
include phenyl, halophenyl. alkoxyphenyl. dialkoxyphenyl, trialkoxyphenyl, 
alkylenedioxyphenyl, naphthyl, phenanthryl. anthryl. phenanthro and the like. Examples 
of typical heteroaryl rings include 5-membered monocyclic ring groups such as thienyl, 
pyrrolyl, imidazolyl, pyrazolyl, furyl, isothiazolyl. furazanyl, oxazolyl. isoxazolyl, thiazolyl, 
oxadiazolyl and the like; 6-membered monocyclic groups such as pyridyl. pyrazinyl. 
pyrimidinyl. pyridazinyl. triazinyl and the like; and polycyclic heterocyclic ring groups such 
as benzo[b]thienyl. naphtho[2.3-blthienyl, thianthrenyl, isobenzofuranyl, chromenyl. 
xanthenyl, phenoxathienyl, indolizinyl. isoindolyl. indolyl. indazolyl, purinyl, isoquinolyl, 
quinolyl, phthalazinyl. naphthyridinyl, quinoxalinyl. quinazolinyl. benzothiazole, 
benzimidazoie. tetrahydroquinoline dnnolinyl. pteridinyl. carbazolyl, beta-carbolinyl, 
phenantiiridinyl, acridinyl. perimidinyl, phenanthrolinyi, phenazinyl, isothiazolyl, 
phenothlazinyl, phenoxazlnyl, and the like(see e.g. Katritzky, Handbook of Heterocyclic 
Chemistry). The aryl or heteroaryl moieties may be substituted witii one to five members 
selected from the gtcup consisting of hydroxy, C1-C8 alkoxy. C1 -C8 branched or 
straight-chain alkyi, acyloxy. carbamoyl, amino, N-acylamino, nitro, halo, trihalomethyl, 
cyano. and cariDOxyl. Aryl moieties thus include, e.g. phenyl; substituted phenyl bearing 
one or more substituents selected from groups including: halo such as chloro or fluoro, 
hydroxy, C1-C6 alkyI, acyl, acyloxy, C1-C6 alkoxy (such as mettioxy or ethoxy, 
including among others dialkoxyphenyl moieties such as 2,3-, 2,4-, 2,5-, 3,4- or 3,5- 
dimetiioxy or diethoxy phenyl or such as metiiylenedioxyphenyl, or 3-metiioxy-5- 
ethoxyphenyl; or trisubstituted phenyl, such as trialkoxy (e.g., 3,4,5-tiimetiioxy or 
ethoxyphenyl), 3,5-dimethoxy-4-chloro-phenyl, efc), amino, -SOgNHg, - 
SOgNHlaliphatic). -S02N(aliphatic)2, -0-aliphatic-CX)OH, and -O-allphatic-NHg (which 
may contain one or two N-aliphatic or N-acyl substituents). 

A "halo" substituent may be fluoro, chloro, bromo or iodo. 
V\frth respect to nomenclature, note tiiat asymmetric moieties such as "-G-M-" are 
written in the direction or order in which tiiey are intended to be read into a given stmcture. 
Thus, "-G-M-" is distinct from "-M-<5-". For example, in "Ar-A-COOR", where A Is 
-G-M-, the structure Ar-G-M-COOR, not Ar-M-G-COOR, Is Intended. 



Synthesis 
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Those of ordinary skill In this art will appreciate that compounds of this invention 
may be produced using any of a variety of synthetic strategies. We typically use a 
convergent synthetic scheme in which an Intennediate comprising the desired "YXU" 
moiety, protected as appropriate, is condensed with a second intermediate comprising the 

5 desired amino moiety HR^*N(CR^r2)„B. again, protected as appropriate, to yield 
(following any necessary deprotection steps) the desired compound of Fonnula I. A 
variety of methods and materials for effecting the relevant chemical transformations, 
product recovery, purification and formulation are known in the art which may be adapted 
to use In the practice of this invention. The detailed examples which follow illustrate such 

10 syntheses and should provide helpful guidance to the practitioner. 

Assays for Comparative Functional Evaluation of Compounds 

Compounds of this invention may be evaluated in a variety of assays to 
determine their relative ability to bind to a receptor for a pTyr-containing ligand, such as a 
15 protein containing one or more SH2 or PI domains, or to otherwise inhibit an intenrolecular 
interaction mediated by such a domain. See e.g. US 5667980 (Pawson; competitive 
binding assays), PCT/US97/02635 (Rickles et al; cell-based assays) and 
PCT/US97/06746 (Lynch et al. FP assays). Compounds may also be evaluated for their 
selectivity of binding to one such receptor (or family of receptors) relative to another such 
2D receptor (or family of receptors). The compounds of this invention can be further evaluated 
by conventional methods for possible therapeutic applications, including evaluations of 
toxicological and pharmacological activity. For example, the compounds may further be 
evaluated for activity in inhibiting cellular or other biological events mediated by a 
pathway involving the molecular interaction of interest using a suitable cell-based assay 
S or an animal model. Cell-based assays and animal models suitable for evaluating 

inhibitory activity of a test compound with respect to a wide variety of cellular and other 
biological events are known in the art. New assays and models are regulariy developed 
and reported in the scientific literature. 

By way of non-limiting racample. compounds which bind to an SH2 domain 
30 involved In the transduction of a signal leading to asthma or allergic episodes may be 
evaluated in a mast cell or basophil degranulation assay. The inhibitory activity of a test 
compound identified as an SH2 inhibitor by the method of this invention with respect to 
cellular release of specific mediators such as histamine, leukotrienes, hormonal mediators 
and/or cytokines, as well as its biological activity with respect to ttie levels of 
s phosphatidylinositol hydrolysis or tyrosine phosphorylation can be characterized with 
conventional in vitro assays as an indication of biological activity. [See. e.g.. Edward L 
Barsumian et al. Fur .1- Immunol.. 11:317-323 (1981): M. J. Forrest. Biochem, PharTOCPli . 
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^:1221-1228 (1991) (measuring N-acetyl-betaglucosamin-adasefrom activated 
neutrophils); and Stephan et al., J. Biol. Chem.. 2SZ:5434-5441 (1 992)]. 

For exarriple, histamine release can be measured by a radioimmunoassay using a 
kit available from AMAC Inc. (Westbrook, ME). One can thus evaluate the biological 
5 activity of compounds of this invention and compare them to one another and to known 
active compounds or clinically relevant compounds which can be used as positive 
controls. 

Generally speaking, in such assays IC50 scores of 20 nM or less are considered 
of special interest, scores below 1 \M are considered of particular interest and scores 
10 below about 500 nM are of high interest Inhibitors of this invention may also be tested in 
an ex vivo assay, e.g.. for their ability to block antigen-stimulated contraction of sensitized 
guinea pig tracheal strip tissue. Activity in this assay has been shown to be useful in 
predicting the efficacy of potential anti-asthma dmgs. 

Numerous animal models of asthma have been developed and can be used [for 
15 reviews, see l^rson. "Experimental Models of Reversible Ainway Obstaiction", in THE 
LUNG, Scientific Foundations, Crystal, West et al. (eds.). Raven Press, New Yoric. pp. 
953-965 (1991): Wamer et al.. Am Rpv. Raspir.Dis.. 141-.253-257 (1990)]. Species used 
in animal models of asthma include mice, rats, guinea pigs, rabbits, dogs, sheep and 
primates. Other In vivo models available are described in Cross et al., Ub inV9St.. 
2D ^:162-170 (1990); and Koh. et al., SdfiDCfi. 255:1210-1213 (1992). 

By way of further example, compounds which bind to an SH2 or other domain of 
Interest involved In the transduction of a signal involved in the initiation, maintenance or 
spread of cancerous growtii may be evaluated in relevant conventional in vitro and in 
vivo assays. See e.g.. Ishii et al.. J.Antibiot.. J(Ui:1 877-1 878 (1989); and US Patent 

25 5.206.249 (issued 27 April 1 993). 

Compounds which bind to a ZAP SH2 domain or which othenwise inhibit ZAP-70- 
mediated signaling may be evaluated for immunosuppressive activity, e.g.. in any of the 
well-known In vitro or in vivo immunosuppression assays. 

Compounds which bind to a Src SH2 domain or which otherwise inhibit Src- 
30 mediated signaling may be evaluated for activity in a variety of assays considered 
predictive of activity in treating or preventing osteoporosis. Such assays include the 
various pit assays and calvaria assays, among others. Illustrative assays are described 
below. 



3B MURINE CALVARIA ASSAY 

In osteoporosis, excessive bone resorption results in decreased bone density, i 
vivo and in vitro models of bone resorption are used to study the processes leading to 
osteoporosis. In vitro, fetal rat long bone and murine calvaria cultures are routinely lised. 
Both models display similar responses to parathyroid homrrane (PTH). a physiological 
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modulator of bone resorption (Stem. P.H. and N.S. Krieger. Comparison of fetal rat limb 
bones and neonatal mouse calvaria: effects of parathyroid honnone and 1 ,25- 
dihydroxyvitaminDa. Calclf. Tissue Int 35: 172-176.1983). The calvaria model of bone 
resorption can be successfully used to screen osteotropic compounds as has been 
5 previously shown (Green. J.R.. K. Muller and K. Jaeggi. Preclinical phamiacology of CGP 
42'446. a new, potent, heterocyclic bisphosphonate compound. J. Bone Miner. Res. 9: 
745-751.1994.). 

In one modification of the conventional calvaria model, calvaria are not labeled with 
^Ca++. Instead, calvarial calcium release into the media is assessed using a microtiter 
10 colorimetric calcium assay. This modification can yield more consistent responses than the 
radioactive methodology and provides results which are comparable to literature values for 

45Qa++ assays. 

One calvaria culture model tests the ability of anti-resorptive compounds to 
prevent resorption (prophylactic model). A second model tests the ability of these 
15 compounds to terminate ongoing resorption (therapeutic model). Cytotoxicity may be 
assessed in both models using a lactate dehydrogenase (LDH) assay. These in vitro 
models of bone resorption may be used for routine screening and evaluation of 
compounds for their abflity to alter osteoclast-mediated bone resorption. 

20 Media preparation 

Calcium free Dulbecco's Modified Eagle's Medium (DMEM) may be obtained in a 
5x solution (Specialty Media, D-012). A 1x solution is prepared using ultrafiltered water. A 
suitable media contains 15% heat inactivated horse semm (Sigma, H 1270). Calcium 
concentration is adjusted to 1 .65 to 1 .83 mM using 02 M CaCl^. Penicillin (1 00 U/ml) and 

25 streptomycin (0.1 mg/ml) are added to the final media preparation. Indomethadn is 

prepared to 0.5 mg/ml (1 .397 x lO'^ M) In ethanol, and Is added to an aliquot of DMEM to 
produce a final concentration of 0.5 \M. Bovine parathyroid hormone (1 -34) may be 
obtained from Bachem (PCAL 100). PTH Is solubHIzed in 0.1% BSA and is then diluted in 
DMEM to produce a final concentration of lO"® M PTH. Ten-fold serial dilutions are 

30 performed down to 1 0"^ ^ M. 

Calvaria dissection 

Pregnant CD-1 mice may be obtained from Chartes River and are subjected to 
parturition. Neonatal mice (4-6 days) are cleansed with betadine and then euthanized by 
35 decapitation. Adherent skin is cleared away from the skull, exposing the calvaria. The 
calvaria are dissected away from the skull using a 12B scalpel. Calvaria are Immediately 
placed into a glass petri dish containing room temperature Tyrode's Salt Solution (Sigma. 
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T-2397). The calvaria are trimmed free of cartilage and bisected with a scalpel along the 
sagital suture. After dissection of ail calvaria, calvaria are transferred into 24 well plates 
containing 0.5 jxM indomethacin (Sigma, 1-7378). 

5 CtJdture conditions 

Calvaria are incubated in 1.5 ml DMEM in 24 well tissue culture plates at 37»C, 5% 
COg/air. Plates are rocked in the incubator using a Belico rocker platform. Calvaria are 
pre-incubated in 0.5 \M indomethacin for 24 hours. For each experiment, 6 to 8 random 
calvaria halves are used for each group. Both halves from a single mouse are never in 

10 the same group. Experiments are repeated at least three times. 

Prophyla(^GCsJvaria experiment 

After the 24h pre-incubation period, calvaria are thoroughly washed in 
indomethadn-free DMEM.- Calvaria are then transferred to new wells containing various 
15 PTH concentrations, and are cultured for an additional 72 hours. Media samples (30 vi) 
are obtained every 24 hours and assayed for calcium and LDH activity. 

Therapeutic calvaria experiment 

At the end of the 24h pre-incubation period, the calvaria are washed free of 
Z) Indomethacin using DMEM. Calvaria are then fransferred to new wells containing DMEM 
or various concentrations of PTH. After 24 hours calvaria are transferred into new wells 
with fresh media (PTH or DMEM) and cultured an additional 48 hours before addition of 
confrol vehicle. This may be accomplished by adding 3 jil of DMSO to new wells, and 
transferring each calvaria along with its media into wells. Culture continues for a further 
s 24 hours. Media samples are obtained after 72 hours and 96 houre In culture with PTH 
and assayed for calcium. Additional samples are obtained after 48. 72, and 96 hours In 
culture with PTH and assayed for LDH. 

Caldum Assay 

30 A commercially available diagnostic calcium assay (Sigma, No. 588-3), modified for 

use in a microtiter format, may be used to determine circulating semm calcium 
concentrations. This colorimetiic assay is dependent on the specific, high affinity 
complexation of calcium with arsenazo III dye under acidic conditions, which occurs with 
1:1 stolchlometry and absort)s at 600 nm (Bauer. PJ. Affinity and stoichiometry of 

2B calcium binding by Arsenazo III. Anal Biochem, 1 1 0:61 , 1 981 ; Michaylova, V and P 

llkova. Photometric determination of micro amounts of calcium witii Arsenazo HI. Anal Chlm 
Acta, 53: 194. 1971). Magnesium has very low affinity for arsenazo III. 

Briefly, 1 5 jil of media or rat sera (see below) is diluted 1 8-fold with ultrafiltered 
water (neariy caldum-free). Fifty ^1 of ttiis solution are pipetted into microtiter wells (Nunc, 
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Maxisorp. flat-bottom. 0.4 mIMell). Standards of 0. 0.5. 1 . 2.5. 3.75. 5. 625, and 7.5 mg/dl 
(mg%) calcium, diluted 8-fold with ultrafiltered water from control standards (Sigma. 360- 
11) are used to conslwct standard cun/es. Once all standards and samples are pipetted 
onto the plate. 150 ixl of diagnostic reagent is added to initiate complexation. Optical 
density measurements are obtained on a microtiter plate reader (Molecular Devices, 
ThennoMax) at 600 nm. 

Laciafe dehydrogenase assay 

Phosphate buffer is prepared in distilled water (0.26 M KgHPO^SHgO. 0.26 M 
KH2P04:pH7.4). A mix consisting of: 22 ml of phosphate buffer. 6 ml distilled water and 
2.0 ml of 0.01 M pyruvate is prepared. NADH is prepared to 0.4 mg/ml In phosphate 
buffer. 

Ten jil of media samples obtained from incubated calvaiia are added to 96 well plates. 
Wells containing 1 0 jil of DMEM serve as blanks. To each well. 90 nl distilled water and 
150 mJ phosphate mix is added. 50 jil NADH is added using an eight channel pipette 
immediately before the plate is read on a mIcPotiter plate reader at 340 nm. A kinetic assay 
is performed for 10 minutes, with a read interval of 20 seconds. 



2D 



THYROID/PARATHYROIDECTOMIZED RAT MODEL of BONE RESORPTION 

Parathyroid homone (PTH) replacement inthyroparathyroidectomized (TPTX) rats 
is routinely used as an in vivo model of controlled bone resorption. Rats are the species 
of choice since the mechanisms of bone modeling in the rat resemble those in humans. In 
addition, hormones and pharmacotoglc agents have similar effects on both rat and human 
bone (Frost, H.M. and W.S.S. Jee. On the rat model of human osteopenias and 
osteoporoses. Bone and Mineral. 18: 227-236,1992). Removal of the thyroid and 
parathyroid glands results in a rapid loss of parathyroid homnone (PTH) from the 
circulation. Since PTH induces osteoclast-mediated bone resorption, this process Is 
inhibited in TPTX animals. In addition, PTH mediates calcium reabsorption from the 
kidneys and absorption from the small intestines. The lack of these activities work in 
concert to decrease senim cakdum levels. In the absence of PTH, rats remain in a 
hypocalcemic state. Restriction of dietary calcium limits intestinal calcium absorption and 
renal calcium filtration such that senim calcium levels are primarily influenced by bone 
resorption. Controlled PTH replacement therapy results in a controlled return of semm 
calcium to baseline levels. \When replacement occurs, concomitantly with a low calcium 
diet, semm calcium increase is due to PTH-induced osteoclast-mediated bone resorption. 
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In this model, drugs which inhibit bone resorption prevent the PTH-medlated return of 
serum calcium to baseline levels. 

Female WIstar rats (226-250 gm, Charles River) are fasted overnight and 
anesthetized with 0.1 5 ml of 1 .2% tribromoethanol (TBE). The ventral neck area is 
5 shaved and swabbed with betadine and isopropanol. A midline incision is made in the 
neck through the sWn and superficial muscle layer, as well as in the sternohyoid muscle. 
Blunt dissection is performed to expose the thyroid gland. The thyroid gland is carefully 
Isolated from the trachea, thyrohyoid muscle, as well as adjacent nerves and blood 
vessels, using blunt dissection. The thyroid gland is excised one lobe at a time. Cautery 
10 is performed for hemostasis. Care is taken to avoid damaging the recurrent laryngeal 
newe since damage to it is shown to affect semm calcium concentrations (Hirsch, P.F.. 
G.F. Gauthier and P.L Munson. Thyroid hypocalcemic principle and recurrent laryngeal 
nerve injury as factors affecting the response to parathyroidectomy in rats. 
Endocrinology. 73: 244-252. 1963. ef a/.. 1963). The incisions are closed using 3-0 
15 vicryl. The wound is coated with triple antibiotic ointment (Fougera; 400 units/g bacitracin 
zinc. 5 mg/g neomycin sulfate, 5000 units/g polymyxin B sulfate). Following TPTX, rats 
are pair fed a low calcium diet (Harian Teklad TD 95065; <0.003% Ca"^. <0.04% PO^) 
such that each rat receives the same quantity of food. Rats are fed at least 5 grams, but 
not more than 10 grams, of food. Rats consuming less than 3.0 grams of food receive the 
2) nutritional supplement Nutri-Cal p.o. (Evsco; ^.0033% calcium). 

PTH Dose Response/Pump implantation 

Three days post TPTX. rats which are found to be hypocalcemic, based on day 2 
semm calcium levels, are implanted with PTH-containing Alzet mini-osmotic pumps (ALZA. 
S model 2001 D) which pumps at a rate of 1 fil/h. TTie rats are anesthetized with ketamine 
(50 mgAcg. I.p.) and acepromazine (1 .67 mg/kg, i.p.). The scapula region is shaved and 
prepared for surgery with betadine and isopropanol. A lateral incision of approximately 2 
cm in length is made between the scapulae. Using hemostats. a subcutaneous pocket is 
created into which the Alzet pump is Inserted. The wound Is closed either with nylon 
30 suture or with staples. Triple antibiotic ointment is applied as described previously. 

Bovine parathyroid honnone 1-34 (PTH) (Sachem Callfomia. PCAL100) is 
prepared in vehicle (10*3 N HCI. 0.15 M NaCI, 20 mg/ml cysteine-HCI) at the following 
concentrations: 0.156. 0.47. 1.56. 4.7. 15.6. and 156 jiM. Alzet mini-osmotic pumps are 
filled with the PTH solution and maintained in 370 saline for 4 hours prior to implantation. 

s 

Senjm Samples 

Rats are anesthetized by COg from dry ice and daily blood samples are obtained 
via cardiac puncture using a 27 gauge needle. Baseline samples are taken just prior to 
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TPTX. Daily samples are obtained in the morning. Samples are allowed to clot on their 
side for several hours and subsequently spun at lOOOxg for 15 minutes to obtain serum. 
Serum is aliquoted and stored in the refrigerator until assayed for serum calcium. Semm 
calcium is measured (see above) dally for at least 7 days following TPTX. 

5 

Uses of Compounds of This Invention 

Compounds of this invention which bind to an SH2 domain of interest may be 
used as biological reagents in assays as described herein for functional classification of a 
pTyr-binding domain (e.g. SH2 or PI domain) of a particular protein, particularly a newly 
10 discovered protein. Families or classes of such proteins which bind to pTyr-containing 
ligands may now be defined functionally, with respect to ligand specificity. Moreover, 
compounds of this invention can be used to inhibit the occurrence of biological events 
resulting from molecular Interactions mediated by the protein of interest. Inhibiting such 
interactions can be useful in research aimed at better understanding the biology of events 
15 mediated by the binding of pTyr-containing ligands to their receptors. 

Such compounds would be useful, for example, in the diagnosis, prevention or 
treatment of conditions or diseases resulting from a cellular processes mediated by the 
binding of a pTyr-containing ligand with a receptor therefor. For example, a patient can be 
treated to prevent the occunrence or progression of osteoporosis or to reverse its course 
2J by administering to the patient In need thereof an SH2lnhlbitor which selectively binds Src 
SH2 or othenwise Interferes with Src-mediated signaling. 

There are many other conditions for which such signal transduction inhibitors may 
be useful therapeutically, including. e.g.. breast cancer where the SH2 domain-containing 
proteins Src, PLCgamma and Grb7 have been implicated. Other relevant conditions 
s include prostate cancer, in which case targeting Grb2. PLCgamma. and PI3K. all of which 
contain SH2 domains, may be useful in treatment or prevention of the disease. Inhibition 
of the interaction of Gri52 or Abl SH2 domains with BCR-abI may be useful to treat chronic 
myelogenous leukemia (CML) or acute myelogenous leukemia (AML). 

Still other relevant applications include the prevention of interferon-, growth factor-. 
30 or cytokine-mediated diseases (e.g. inflammatory diseases) by targeting the interaction of 
STAT proteins with their pTyr-containing ligands or othenwise inhibiting their signal 
transduction pathways. Agents that block the SH2 domains of ZAP-70. or which 
othenwise inhibit ZAP-70-mediated signaling, would be candidates for the treatment of 
immune-related disorders such as rejection of transplanted bone marrow, skin or other 
2B organs; rheumatoid arthritis; inflammatory bowel disease; and systemic lupus 
erythmatosis, and a variety of autoimmune diseases. 

By virtue of the capacity to inhibit protein-protein interactions or a relevant kinase 
or phosphatase activity required for cellular events of phannacologic importance, 
compounds of this invention which inhibit cellular signal transduction may be used in 
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pharmaceutical compositions and methods for treatment or prevention in a subject in need 
thereof. Such inhibitors can be used to treat or reduce the risk of the diseases or their 
pathological effects mediated by such Interactions. 

For example, dmgs that completely block one of the two ZAP SH2 domains should 

5 effectively prevent ZAP from associating with the activated TCR and thus block T cell 
activation. A ZAP antagonist or inhibitor would specifically inhibit T cells and avoid the 
toxicity of the currently used immunosuppressive drugs. FK506 and cyclosporin, which 
target the more ubiquitously expressed protein, caldneurin. Since calcineurin is required for 
cellular activities in several tissues in addition to T cells, cyclosporin and FK506 cause side 

10 effects in the kidney and central nenraus system which limit their application largely to 
patients with organ transplant rejection. 

Therapeutic/Prophylactic Administration & Pharmaceutical Compositions 

Compounds of this invention can exist in free form or, where appropriate, in salt 
15 fonn. Pharmaceutically acceptable salts of many types of compounds and their 

preparation are well-known to those of skill in the art. The phannaceutically acceptable 
salts of compounds of this invention include the conventional non-toxic salts or the 
quatemary ammonium salts of such compounds which are fomned. for example, from 

inorganic or organic acids of bases. 
2D The compounds of the invention may form hydrates or solvates. It is known to 

those of skill in tiie art that charged compounds forni hydrated species when lyophilized 
with water, or form solvated species when concentrated in a solution with an appropriate 
organic solvent. 

This invention also relates to pharmaceutical compositions comprising a 
S therapeutically (or prophylactically) effective amount of the compound, and a 

pharmaceutically acceptable carrier or exciplenL Carriers include e.g, saline, buffered 
saline, dextrose, water, glycerol, ethanol. and combinations thereof, and are discussed in 
greater detail below. The composition, if desired, can also contain minor amounts of wetting 
or emulsifying agents, or pH buffering agents. The composition can be a liquid solution. 
30 suspension, emulsion, tablet, pill, capsule, sustained release formulation, or powder. The 
composition can be fomulated as a suppository, witii traditional binders and carriers such 
as triglycerides. Oral fomiulation can include standard carriers such as pharmaceutical 
grades of mannitol. lactose, starch, magnesium stearate. sodium saccharine, cellulose, 
magnesium carbonate, etc Formulation may involve mixing, granulating and compressing 
S or dissolving the Ingredients as appropriate to the desired preparation. 

The phamaceutical carrier employed may be, for example, eitiier a solid or liquid. 
Illustrative solid carrier include lactose, terra alba, sucrose, talc, gelatin, agar, pectin, 
. acacia, magnesium stearate, stearic acid and the like. A solid carrier can include one or more 
substances which may also act as flavoring agents, lubricants, solubilizers. suspending 
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agents, fillers, glldants. compression aids, binders or tablet-disintegrating agents; H can 
also be an encapsulating material. In powders, the carrier is a finely divided solid which Is 
in admixture with the finely divided active ingredient In tablets, the active ingredient is 
mixed with a carrier having the necessary compression properties In suitable proportions 
.and compacted In the shape and size desired. The powders and tablets preferably 
contain up to 99% of tiie active ingredient. Suitable solid carriers include, for example, 
calcium phosphate, magnesium.stearate, talc, sugars, lactose, dextrin, starch, gelatin, 
cellulose, methyl cellulose, sodium cart)oxymethyl cellulose, polyvinylpyrrolidine. low 
melting waxes and ion exchange resins. 

Illustrative liquid carriers include syrup, peanut oil, olive oil. water, etc. Uquld 
carriers are used in preparing solutions, suspensions, emulsions, syrups, elixirs and 
pressurized compositions. The active ingredient can be dissolved or suspended in a 
pharmaceutically acceptable liquid carrier such as water, an organic solvent, a mixture of 
botii or phamaceutically acceptable oils or fats. The liquid carrier can contain otiier suitable 
15 pharmaceutical additives such as solubilizers, emulsifiers, buffers, presetvatives. 
sweeteners, flavoring agents, suspending agents, ttiickening agents, colors, viscosity 
regulators, stabilizers or osmo-regulators. Suitable examples of liquid carriers for oral and 
parenteral administration include water (partially containing additives as above, e.g. 
cellulose derivatives, preferably sodium carboxymethyl cellulose solution), alcohols 
2D (including monohydric alcohols and polyhydric alcohols, e.g. glycols) and ttieir derivatives, 
and ofls (e.g. fractionated coconut oil and arachis oil). For parenteral administration, the 
carrier can also be an oily ester such as ettiyl oleate and isopropyl myristate. Sterile liquid 
carders are useful in sterile liquid form compositions for parenteral administration. The liquid 
carrier for pressurized compositions can be halogenated hydrocartaon or other 
s pharmaceutically acceptable propellanL Liquid pharmaceutical compositions which are 
sterile solutions or suspensions can be utilized by, for example, intramuscular, 
intraperitoneal or subcutaneous Injection. Sterile solutions can also be administered 
•intravenously. The compound can also be administered orally either in liquid or solid 
compoation form. 

3D The carrier or exdpient may include time delay material well known to tiie art, such 

as glyceryl monostearate or glyceryl distearate along or with a wax, ett^ylcellulose. 
hydroxypropylmethylcellulose. metiiylmettiacrylate and the like. When fomiuiated for oral 
administration. 0.01% Tween 80 in PHOSAL PG-50 (phospholipid concentrate with 
1 ,2-propylene glycol. A. Nattermann & Cle. GmbH) has been recognized as providing an 

s acceptable oral formulation for otiier compounds, and may be adapted to fomiulations for 
various compounds of this invention. 

A wide variety of phamiaceutical forms can be employed. If a solid carrier is used, 
the preparation can be tableted. placed in a hard gelatin capsule In powder or pellet fomi 
or In the form of a troche or lozenge. The amount of solid earner will vary widely but 
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preferably will be from about 25 mg to about 1 g. If a liquid carrier is used, the preparation 
will be in the form of a syrup, emulsion, soft gelatin capsule, sterile injectable solution or 
suspension In an ampule or vial or nonaqueous liquid suspension. 

To obtain a stable water soluble dosage form, a pharmaceuticaliy acceptable salt 
of the compound may be dissolved in an aqueous solution of an organic or inorganic acid, 
such as a 0.3M solution of succinic acid or citric acid. Alternatively, acidic derivatives can 
be dissolved in suitable basic solutions. If a soluble salt form is not available, the 
compound is dissolved in a suitable cosolvent or combinations thereof. Examples of such 
suitable cosolvents include, but are not limited to, alcohol, propylene glycol, polyethylene 
glycol 300. polysorbate 80. glycerin, polyoxyethylated fatty acids, fatty alcohols or 
glycerin hydroxy fatly acids esters and the like in concentrations ranging from 0-60% of 
the total volume. 

Various delivery systems are known and can be used to administer the compound, 
or the various formulations thereof, including tablets, capsules, injectable solutions, 
15 encapsulation in liposomes, micropartlcles, microcapsules, etc h/lethods of introduction 
include but are not limited to dennal. intradenrcd. intramuscular, intraperitoneal, intravenous, 
subcutaneous, intranasal, pulmonary, epidural, ocular and (as is usually preferred) oral 
routes. The compound may be administered by any convenient or othenwise appropriate 
route, for example by infusion or bolus injection, by absorption through epithelial or 
Z) mucocutaneous linings (e.g.. oral mucosa, rectal and Intestinal mucosa, eto.) and may be 
administered together with other biologically active agents. Administration can be systemic 
or local. For treatment or prophylaxis of nasal, bronchial or pulmonary conditions, preferred 
routes of administration are oral, nasal or via a bronchial aerosol or nebulizer. 

In certain embodiments, it may be desirable to administer the compound locally to 
25 an area in need of treatment; this may be achieved by, for example, and not by way of 
limitation, local infusion during surgery, topical application, by injection, by means of a 
catheter, by means of a suppository, or by means of a skin patch or implant, said implant 
being of a porous, non-porous, or gelatinous material, including membranes, such as 
sialastic membranes, or fibers. 
3D In a specific embodiment, the composition is formulated in accordance with routine 

procedures as a phannaceutical composition adapted for intravenous administration to 
human beings. Typically, compositions for intravenous administration are solutions in 
sterile isotonic aqueous buffer. Where necessary, the composition may also include a 
solubilizing agent and a local anestiietic to ease pain at tiie side of tiie injection. Generally, 
s the ingredients are supplied efther separately or mixed together in unit dosage fomi, for 
example, as a lyophilized powder or water free concentrate in a hermetically sealed 
container such as an ampoule or saohette indicating tiie quantity of active agent Where 
the composition is to be administered by infusion, it can be dispensed witti an infusion 
bottle containing sterile phannaceutical grade water or saline. Where tiie composrtiori is 
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administered by injection, an ampoule of sterile water for injection or saline can be 
provided so that the ingredients may be mixed prior to administration. 

Administration to an Individual of an effective amount of the compound can also be 
accomplished topically by administering the compound(s) dlrecUy to the affected area of 
5 the skin of the Individual. For this purpose, the compound is administered or applied in a 
composition Including a phamnacologlcally acceptable topical carrier, such as a gel, an 
ointment, a lotion, or a cream, which includes, without limitation, such carriers as water. 
glycerol.'alcohol. propylene glycol, fatty alcohols, triglycerides, fatty acid esters, or mineral 

oils. 

10 Other topical carriers include liquid petroleum. Isopropyl palmitate. polyethylene 

glycol, ethanol (95%). polyoxyethylene monolaurate (5%) In water, or sodium lauryl 
sulfate (5%) In water. Other materials such as antl-oxidants, humectants. viscosity 
stabilizers, and similar agents may be added as necessary. Percutaneous penetration 
enhancers such as Azone may also be included. 

In addition, in certain Instances, it is expected that the compound may be disposed 
within devices placed upon, in, or under the skin. Such devices Include patches, implants, 
and injections which release the compound into the skin, by either passive or active 

release mechanisms. 

Materials and methods for producing the various fomiulatlons are well known In the 

2J art and may be adapted for practicing the subject Invention. See e.g. US Patent Nos. 
5,182,293 and 4,837.31 1 (tablets, capsules and other oral formulations as well as 
irJtravenous formulations) and European Patent Application Publication Nos. 0 649 659 
(published April 26, 1995; illustrative fomiulation for IV administration) and 0 648 494 
(pubfished April 19, 1995; illustrative formulation for oral administration). 

s The effective dose of the compound will typically be In the range of about 0.01 to 

about 50 mg/kgs, preferably about 0.1 to about 10 mg/kg of mammalian body weight, 
administered In single or multiple doses. Generally, the compound may be administered to 
patients In need of such treatment in a daily dose range of about 1 to about 2000 mg per 
patient 

3D The amount of compound which will be effective in the treatment or prevention of a 

particular disorder or condition will depend in part on the nature and severity of the disorder 
or condition, which can be determined by standard clinical techniques. In addition, in vitro 
or in vivo assays may optionally be employed to help identify optimal dosage ranges. 
Effective doses may be extrapolated from dose-response curves derived from in vitro or 

s animal model test systems. The precise dosage level should be detemnined by the 

attending physician or other health care provider and will depend upon well known factors. 
Including route of administration, and the age. body weight, sex and general healtii of tiie 
Individual; the nature, severity and clinical stage of ttie disease; tiie use (or not) of 
concomitant tiierapies. 
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The invention also provides a pharmaceutical pacit or kit comprising one or more 
containers filled with one or more of the Ingredients of the pharmaceutical compositions o 
the Invention. Optionally associated with such container(s) can be a notice in the form 
prescribed by a governmental agency regulating the manufacture, use or sale of 
pharmaceutical products, which notice reflects approval by the agency of manufacture, 
use or sale for human administration. 

t * ^ * * 



10 



The representative examples which follow are intended to help Illustrate the 
invention, and are not intended to. nor should they be construed to. limit the scope of the 
invention. Indeed, various modifications of the invention and many further embodiments 
thereof, in addition to those shown and described herein, will become apparent to those 
sidlled in the art from the full contents of this document, including the examples which follow 
and the references to the scientific and patent literature cited herein. It should further be 
appreciated that the contents of those cited references are incorporated herein by 
reference to help illustrate the state of the art. 

The following examples contain important additional infomnation, exemplification and 
guidance which can be adapted to the practice of this invention in its various embodiments 
2D and the equivalents thereof. 



15 
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Examples 
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Ac 




aq 




Bn 




Boc 




BOC-ON 


10 


Cbz 
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DCM 
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DIBAL-H 




DIEA. 




DMAP 




DME 




DMF 



20 DMSO 
EDC*Ha 

Gbi 
G3u 



Abbreviations, The foUowing abbreviations are used in ttus document 
alpha-axninobutyiic add 

acetyl 
aqueous 
boizyi 

tertiary butyloxycarfaonyl 
(CH3)3COC02N=C(C6H5)CN 

benzylo^^carbonyl 
l,l'<arix)nyldii!Xudazole 

cydohfixyl 
(juddoxoznediane 

13-diazabicydo[5.401uiideo-7-ene 
diisobutyialuminum hydnde 
N^-di^opropyletiiyianune 
4:.<}hnetii)^aminopyri 
ethylene g^yo)! dixnettiyl eftver 
Ni^^^limemylformamide 
dimeth^sulfoxide or methvl sulfoxide 
l-<3Kiimeftiylamiriopropyl)-3^th^ 

g^xitarrdne 
g^tamicadd 
g^ydne 

lAA/3^/3-hexamethyldisilazane 
1-hydroxybenzotriazole 
hxdtiperfonnanoe liquid dixomatography 
lifoumhgxametiiyldisilaride 
acetcncuirile 
mass spectxometnr 
xnetfaanesulfdn]^ (mesyl) 
N-faomosucrinimide 
xoidear ixiag;netic xesonanoe 
palladium on caibon 
potassium sodium taxtrate 
saturated 
suodrmrdde 
pyridine 

room temperature 
tetcabut3iarnmoriium fluoride 
tertiarybutyldimethylsilyl 
trifluoroaoetic add 
trifluoroaoetic anhydride 
tetrahydrofuran 
thin layer diromatog;raphy 
trimemjisayl 
tyrosine 
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pmoc-p^ucizir ^ at rt for 3 h. Solvents were removed 

of diethyl amine and the mfacture was vigorously stirred at rt tor J n. ...^„„ 

Ide^uced pressure «xd the solid was resuspended in «diydro«s edicr. filtered, and dned on 
Z::^^:^ 2.S « ^9^ of pCCH^POaEt^VI^Ph^H « white solid whKh was used 
without purification in the next step. 



ins inuuu* -mflinine aqueous sohition was extracted wiffli 

C«CO, (4., g, .4.7 .^0 f.U.w.d by Md (0.76 n>U 12^ n».0. - 
88%). MS [M - HI" 428. m.p. 104-105 ®C 

TO a s^^ion of N:Boc-p(CH2P03Et2>^^^^^ C'.O g 16.3 «-°^> » 
Ilydrous DME. purged with N2 and cooled to -42°C (CH3CH/dry .oe). was added d»pw«e 
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lithium bis(trimethylsilyl)amide (1 M THF, 48.9 mL, 48.9 mmol) and the reaction mixture was 
sdned at -12 °C for 15 min. Dictliylchloroplxosphate (4.7 mL. 32.6 mmol) was added and tlie 
oiange solution was stirred at -42 °C for an additional 20 min before being quenciied wifli I N 
HCl (20 ml). The mature was further diluted with water and extracted whh EtOAc (3 x 100 
5 mL). nie combined extracts were washed witii water, dried over MgS04. fiUercd. concentrated, 
uid chromatographed over sUica gel (3% MeOH/CH2Cl2) to give a coloriess oil (6.0 g. 65%). MS 
(M - HI* 564. 

^■Pn..nrrHn»Q7F,toV)1-TrPlig-QH . , 

10 To a solution of N-Boc-ptCH(P03Et2)2l-L-Phe^Me (0.490 g. 0.966 mmol) m 5 mL of THF 
cooled to 0 °C was added dropwise a solution of lithium hydroxide monohydrate (49.0 mg. 1.17 
mmol)inl.OmLofwater.Tliereactionmfactm«wasstirrcdatO°Cforlh. THF was removed 

under reduced pressure to a yeUow oil which was dUuted wifli 10 mL of 1 N HCL THe ^pieous 
phase was extracted witii CH2C12 ( 8 X 15 mL). and the extracts were combined, dried over 

15 Na2S04. and concentrated to afford 0.453 g (95%) of N.Boo.p[CH(P03Et2)2l-L.Phe-OH as a 

oystallinB white solid. MS - HI* 550. m.p. 84-87 °C 

20 To N-Bocp[CH(P03Et2)2l-L-Phc-OH (2.0 g. 3.63 mmol) m CH2CI2/DMF (5:1. 37 mL) at 0 
«C was added HOBT (0.54 g. 3 58 mmol) and EDO (0.76 g. 3.98 mmol). The mfadute was stirred 
for 10 min tiien (S>5<l-amino^tiiyI)-2.cyclohexytaieflioxyben2amide (WO 97/12903) (I.IO 
g, 358 mmoO was added and stirring was contimied for 1 b. Tlie solution was dumped into water 
«id the separated. lUe aqueous layer was extracted with mcfliylene chloride and the 
25 combined extracts were washed witii water. 1 N HCU sat'dNaHCOs, dried over magnesium 
sul&te. and concentrated to a glassy solid (2.8 g. 95%) which was homogeneous by HPLC. MS [M 
-HI" 808. 

ff4.^fR^.?.«^,inft.2.^ff^^■1./'>-^ri^am o v ^ .4 -^vr1ohft? ^ Y ll^^''^tho^^f-PhmlM^^^^ 

ToK4-((S>2-rerNButoxycari,onylamino-2-[(S)-H3.carbamoyl-4H5yclohexylmetiioxy-phen 
etiiylcarbamoyll.etivl>-phenyl)-(diethoxy-phosphoryl)-metiiyll.phosphonie acid dictiiyl ester 
(2 8 g. 3.5 mmol) in metiiylene chloride (20 mL) was added TFA (6 mL). The mfactare was 
stined for 20 min.. evaporated to dryness, and dissolved in DMSO (30 mL). Purification byRP 
35 HPLC (CH3CNm20) and lyophylization yielded a white soUd (1.9 g. 2 J mmol, 66%). MS [M + 
HI* 710. 
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lu 3 34 nunol). The mixture was stirred for 10 min.. diluted with 1 N HCl »d^e Uy^ 

The «|ueous layer w«cxt««cd with methylene chloride «id the com^^^ 
:rwa;^:Jth water! 1>.HCU -'^ ^-H^^^. dried ov^ma^csm^^^^^^ 
conccatrated to a glassy soUd (1.7 g. 98%) which was homogeneous by HPLC. MS [M - HI 750. 



To K4.{2-Aeetylamioo.2.tl.(3-carbamoyl-4.yclohexylmeth^^^^^^^ 

15 cL UcuylKdiethoxy.phosphoryl)-meA^^^^^^ acid diethyl -ter O'^ J. 

2oL^^OoI)at-10<'Cwas«idedTMSI(6^mU4S^^^^^ 

Zlior 10 mm. quenched with sat'dNaHCOB ^ decolorized with the dropw^a^^^a^ 

XOV. sodium hydrogen sulfite. The CH3CN ^ -oved on ^ 

„^ aqueous solution dUuted wah DMF (10 mL). Punfication by RP HPIX: (CH3CN«20) 
20 ««|lyophyi«rationy!eldedawhitesolid(lJ!g.66%).MS[M + Hl 639. 



25 



30 




H2O at room temperature was added CS2CO3 C ^^-o 8. »• h; 
and the remaining H2O was removed azetropically with 5 x luu 

veUow «.lid was suspended in DMF (450 mL) and treated with (bromomethyl)cycloh«cane (13.0 
^TTr^Hc «^on fixture was heated to 90 -C and stirred overnight. T.e reactron 
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mixture was then cooled to room temperature, poured into 500 «L of ice water and «ctrafited 
with Et20. me Et20 extract was dried over MgS04 and concentrBted in vacuo to a yeUow oil. 
vAich smeUed of the starting bromide. The bromide was distiUed off at 50 'C under high vacoum 
until the bottoms re«:hed a constant weight (13.96 g. 77-/,). This oil solidified to . white^hd 
5 upon standing. NMR (300 MHz. CDCI3): 7.91 (2H, d. J - 8.9 Hz). 6.90 (2H. d. J = 8.8 Hz). 
3.81 (2H. d. J - 6.1 Hz). 2J5 (3H. s). 1.8 (6H. m). 12 (3^ m). l.l (2H. m). 

A solution of K4<Cyclohexylmethoxy)phenyl)ethanone (1.05 g. 4.5 mmol) in THF (2.5 mL) 
10 was added dropwisc to a solution of (+>DIP-Cl (2 J g 1.59 eq) in THF (7.2 oL) at -55 -C under 
N2. The reaction mixture was allowed to slowly warm to -14 'C. After 18 h. the reaction mature 
was warmed to room temperature and concentrated fa vac«o. The resulting oil was then dihited 
with Et20 (50 mL) and treated with dicdumoUmine (1.5 mL). Tills mixture was stirred for 3 h 
and then filtered through CeUte to remove the white precipitate. The filtrate was removed in 
15 vacua to give a yellowish oiL Flash chromatography on sUica gel eluting with 20:1 to 85:15 
hexanes-EtOAc afforded 790 mg of material contaminated with reagent by-products as 
impurities. 

20 To a solution of (ll).K4KCylohexyUnethoxy)phenyl)-l-ethanol 090 mg. 33 mmol) m toluene 
(5 7 mL) at 0 -C was added (PhO)2PON3 (0.87 mL. li eq) foUowed by DBU (0.61 mU li eq) 
(dropwise). The re«:tion was aUowed to slowly warm to room temperature overnight The 
.taction mixture was washed with H2O and 5% «q HCL The organic 1^ 

and concentrated in vacuo. Flash chromatography on sUica gel eluting with 100:1 to 20:1 
25 hexanes-E«)Ac8««e700mgofpure.zid.lHNMR(300!^CDCl3):7.22(2H.dJ = 8.6&^^ 

«.88(2H.d.J-8.6Hz).4.55(lH.q.J = 6.8Hz).3.75(2H. d.J = 6.2Hz). 1.8 (6H.). 1.51 (3H. 
d, J = 6.8). 125 (3H, m). 1.05 (2H, m). 



30 



35 



A solution of (i7)-l-(4-(Cylohexylmethoxy)phenyl)-l-azidoethane (700 mg. 2.69 mmol) in 
Eton (50 mL) containing 10% Pd/C (143 mg. 0.05 eq) was stirred under an atmosphere of H2 
(balloon) for 2.5 h. The catalyst was then removed by filtration, and the ^^^^^^ J"^ 
concentrated in vacua. The material was diluted with 50 mL of EtzO and acidified with 50 mL 
ethereal HCl (p«pared from 50 mL EtzO. 021 mL MeOH and 029 mL AcCl). The resulung 
HCl salt precipitated and was coUected by filtration. NMR of free base (300 MHz. CDCI3): 705 
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- ^„ J . * ^ u N A n< MH. a J = 6.6 Hz), 3.73 (2H, d, J » 6 J Hz), 
(2H, d, J - 6.8 Hz), 6.85 (2H, d , J - 6.7 Hz), 4.05 (IH. q. o.o n*;, 

1.75 (6H m), 1.35 (3H. d, J - 6.6 Hz), 102 (3H, m). 1.05 (2H. m). 

tiUe compouad was ^thesucd „. a ^^^ ^^ ^ ace«.mtrilo^^ 

product was obtained as a colorless powder. Electiospray Mass apeciru v 
+ 0.1% ammonium hydroxide) m/z 595.2 (M-H). 

10 Fff"*?'* ^ 




o 



IS 



20 



A mixture of 4-liydroxyben2aldehyde (1^22 g. lO.O mmol). K2CO3 (1.45 g. lo.:. ^ 
A mixture 7 ... ft In CH-*CN (20 mL) was stated at reflux for 

bromomethylcyclohex^ie (1.54 mL. ll.O mmoO m CH3^ J ^ 
A«e davs The reaction mixture was then cooled, poured mto I Af aq Naun ano ™ 
three days, inc rcacuuu ^ ^ Th« umeous washes were recxttacted once 

EttO The extract was washed wiAHiO and btme. The aqueous wasB 

fitiu. ine w""^* MirSOA and coocenlrated to 2.03 g (93%) 

with Et20, and the combined extracts were dried over Mg504 «n« 

of ether as a soUd. This material was used without further purification. 

«f rtimder No was added hydroxylammehydrochlonde(0.6yg,!».>JH™ y 
™i«<»Cl3»dl<»l»i<«>o.siBc.gd«teu..El«t»«'«*5:l'»«'°^ 

Ha (0.75 =L) 10% PJ/C (0.235 g. 0.22 »mol) «™i ~>« «. «-o.pl»« 
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m (double stuffed balloon) for S h, THe mixture was then filtered through a pad of Celite usmg 
excess EtOa Hie solution was concentrated under a stream of overnight The resulting solid 
was transferred to a filter and washed with Et20. Hie solid was dried to 2.14 g (95%) of 
amine-HCl. Electrospray Mass Spectrum (50/50 acetonitrile/water * 0.1«/. ammonium hydroxide) 
5 m/z 203.3 (M+H-NHs). 

Tte title compound was synthesized in a manner similar to that described for Example LTTte 
10 product w«. obtained as a colorless powder. Electrospray Mass Spectrum (50/50 acetomtrUeMater 
+ 0.1% ammomum hydroxide) m/z 581.0 (M-H). 



15 




To a mixtnre of S.««.ylsdicytamide (856 g. 50.0 mmol) in 400 mL of MeOH containing 10 
mL of H20 was added CS2CO3 (16.45 g. 50.5 mmol) at rt The mixture was st«ed at rt for 44 
20 min. The resulting yeUow solution was then concentrated In vacuo. Toluene (-200 ^) was 
«Mcd to the «sid«o and then removed in vacuo to azeotropically remove the H2O. Th« was 
repeated twice more. Tl.e resultmg yellow powder was suspended in DMF (-200-300 mL) and 
treated with isobutyl bromide (82 mL. 75.0 mmol). The reaction mfacture was stintd ^90 C fi» 
20 h and tiien cooled to rt Water (-500 oL) was then added witii vigorous stirring. The m«t»re 
25 was then cooled to 0-C with continued stirring. Tliembourc was ti.enfUte«^^ 

v^shed with H20 and EtjO. Drying under high vacumn over P2O5 afforded 10.44 g (89-/.) of 
ether. 

V,-«.H.»vv.i.nn.thviKhvlv?-f?.-m^thYlprmlm)frcnr.amide 

30 To a suspension of 5-AcetyU2<2.methylpropyloxy)benza«ide (10.44 44^4 mmoOm 

(100 mL) at 0 -C under N2 was added MeMgBr (90 mL. 3.0 M « Et20). THe resultmg thick 
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te. ,««.cM by slow. c«rf«l .ddUi™ .t 1 M H2SO4 « 0 C. Th. w« 

rt™,,«.g„^ 0. ritta «.i Eluto -rid. 20:1 CKC13-M«)H did .« produce good s^. 
iKiiiia iffindtd 5.11 s (4»B of •teohol. 

TO . .IZof 056 605 b . Of Hl.*rd«»^l--«^W^ 

I^;^.ox„b«.-mld.(5.1 ^203 -»DtaCHC.3 (.60»I.)«.-Cu.d..N2™.s^, 

-.shod Witt .ddiUo^l H20 (100 OL) snd b™. OOO .««^ 
« ™1X J. .««»«»i»*HK.M«-d» combined ««»«s««^ 

rl^Tb.n»«ri,.««P«ifcdb,fl.sbobr.o»»6-pb,..-lic.pd.Eta»^^ 
^^EK>Acp».d«.dp.oduc.*..w..s«U~«»i«»d«|JhlP^ 

25 IZ^«c«Jl.d*d««M,S04«.d.»«o»»d«5^,(»3«.f..-.«.«ta« 
soUd which was used withoot fiitther purification. 

(d) ^il-Aminn-l-in.t^YlrthYlV?-n-n)-thYlnT9VYloxY^HP^^^^^^ ,ov Pd/c (Oi> 

30 0.473 mmol) was stined at it under an atmosphere of H2 ^o™""" 

J -J A- hoilnari was chaneed. After an addiUonal 2 h, the 
DoinL additional 10% Pd/C was added and the balloon was coangca 

point, aaaiuonai ^^^^ ^^j^^^^ ^ ^hen 

rr'L'T rsrs:::^^" "..^"^ HO ^, .d »d 

35 NaOH and extracted twice with CH2CI2. The comoinca cwn* 
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III [II [fTI- ri n TTHmnV----'— " ■ ^v'n'rti"'"""-'-"-'^ 

^r^. .Lned « . ccbH«. powder. E..««p-y M.« Sp«».» (50/50 
+ 0.1% ammoniam hydroxide) m/z 654.1 O^l-H). 

CONH, 




■n.c UUe compouad was ^thesizcd in a ounaer similar to that described for Example I. Tbe 
15 product was obtained as a white solid. MS IM- HI" 626. 



20 




•n»e titie compound was synthesized in a manner s 
product was obtained as a white solid. MS (M - H]' 674 



similar to that described for Example I. "Hie 



The compounds of Examples 5 and 6 have also been prepared using solid phase chemistry by the 
25 method illustrated m the following scheme: 
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^ d Mo 

TO dicthoxyphospho^l acetic acid t-b«tyl ester (5.04 g. 20 mmol) in DMF (25 «L) v«s added 
sodium hydride(0.S4 g. 60 n«nol)ia small portions under nitrogen. After 30 muu a solu^on of 
10 l.4^UodIben«ne (33 g. 10 mmol) and copper (I) iodide (3.8 g. lOmmol) in DMF (10 mL) ^ 
added and nitriogen was bubbled through this solution for 10 min. to make sure that there was no 
air m the system and the tube was sealed and heated to 100°C for 6h. The r«^ 
cooling was poured into 10% hydrochloric acid(200 «L).The solution was filtered on cehte and 
the eeL was repeatedly w«*ed with ethyl acetatc(3 X 50 «L)Xthyl acetate was separated and 
15 re^uoessolu^wL extracted repeatedly with ethyl acetatc( 2X25^^^^^ 

12 was washed with water (10 «L). dried (Na2S04)and concentrated to gn,e a yellow gum 
^ch was purified by column chromatography on siUca gel using he«ne/ acetone (7/3) to pve a 
pale yellow gum which solidified in the freezer. m.p 68 C (328 g. 72%). 

^43. 2^ ^ ™ covered wi* THF/DMA » ""^^ "^'f. 

25 -c 0. «. .U b«h. N^4,„«xy«A.ayl-2-i.do.l.->.-i« V-jri e«.r (»4»«5 t 2 mrnoD » 

'ls(be»o.ittU.)pdUdl«mOI)chl«ide (2l..6n.6. 0.057 mmol), «^ly.ph<«phm. 33j7^ 
30 0.i»m».I) 1. THF/DMA (S nO., ./.) w.. .dded end to reeca.. ™ «^ 

of «««e (-200 nd.) «.d .N H.1 (20 „L, »d U (il«.d 

reciting gom ^ «^ duomMopuphy o. .Uic. gel o«., he»«. «hyl 
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OanS) tt gh. to «<««»1 ««mj m««U m mg. a2%). ««1 to prdu* 424 mg (70%), 



^ ,.,..vi- iii-,|,ni m.l, . r l ---"-~'" f. ^u,ni,vrirliffliYlVS-nh.nyl itoM 

lipid .cid b«„ ««r (420 ... 0.695 »n..) w« ^ "^/l If^^ 



10 348^ mg (97%), m-p. 138^ C. 



IS 



T,.c title compound synthesized in a manner similar to that ^^^'^^^'^^ 
product .as obtained as a colorless powder. Elec««pray Mass SpeCnun (50/50 ««tomtrdeM.tcr 
+ 0.1% ammoniuni hydroxide) m/z 602 (M-H). 



20 ni1fnninY'-""^^'^iYn-phi"'r''""'" 

T^tiUecompoundwassyath«sizedinam.^crsi«il.rtothatd^ Tbe 
piodttctwasobtainedasawhitesoUd. MS(M+H1 581. 
25 
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10 




JO 



ToN-acc^l.I.tyn»memefl.ylester(6B.253n«no0inTHF(60mL)atrt 5^ 

g. 303 m«ol) foUowed by five drops of sulfuric acid. IHe mixture was strred for 16 »i at rt 
The solveul^^uoved under reduced press«««idtiteav««er was add^ Hie aqueous layer 
was emcted twice with EtOAc. and the combined extracts were dried over magneshm. sulfete 
«xd concentrated to a soUd. Tte solid was recrystaUized from ethyl acetatertiexane (6 g. 75%). 
MSIM + H1*316. 



To 2.Acetylamino.3-(3-bromo^hydroxy.phenyl>propioBic «:id methyl ester (3 g. 9 mmol). 
15 diethyl phosphite (1.6 mL. U mmol) and 4.methyhnorpholine (1.5 mL. 13.5 mmol) in tolu^e 
(lol'JMeQl(10«L)w«,addedPd(Ph3)4(0^g.0.45mmol). The mature was aUow^ 
,0 stir for two days at 100 -C. It was then dUyted with saturated KH4CI and extracted with 
EtOAc The organic layer was dried over magnesium sulfate, concentrated . »d 
!^tlg^L7versiuJ6el(5V.MeOH/CHCl3) to an oiL MS p. . Hl^ 374 and - H, 

20 372. 



To 2.Acetylaoino.3-l3<diethoxy.phosphoryl)^hydroxy-phenyll-propionic ac.d methyl ester 

25 (0.15 g. <^25 mmol) in MeCN (10 mL) was added diethyl chlorophos^a^ 7' ^Hrao 
fottowed by K2C03 (0.07 g. 0.5 mmol) at rt Hie reaction was stored for 4 h before H2O (10 
„.L) and EtOAc (20 mL) were added. Hve organic layer was dried over 
concentrated, and chromatographed over silica gel (20«/, MeOH/CHClj) to an o.L MS (M + H] 

510. 
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10 



I! T foUoL by the TMSI promoted deprotection reaction. To a sohmon of 2- 

U)I>ti«yic«l««oynethylHiethyU^^^^^ (»0 mg. O.n^o, » <^^^^^^^^^^ 
Sc L «ided TMSI (03 «nU 23 nunol). Tlxc mixture was st«red for 3 h '^ '^ J'^'^^ 
,^ed with satumted NaHCOa 0 mL)- Tl>c resulting m«t«re was punHed by RP HPU: 
(CH3CIWH2O). Lyophilization left a white solid. MS (M + HJ 642. 



15 



HAT 




HI' 648. 



20 FiTHmftk 11 





;ZuiIboI(5.B.25.4n^ol>lnan^ofTHPaO«a.)-^^ 

1 added sodium bieobrnate (3.2 g. 38.1 mmol). The mixture was aUowed to st«ed for 
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then vmshed with water, extracted with EtOAc. The organic layer was dried over magnessium 
sulfote. concentrated to a soUd. The solid was recrystallized ftome ethyl aceUtefliexmie (7 g. 
88%). MS [M + Hl"^ 312. m,p. 132-135 "C 



10 



(b)H 
n]yt |^yl ester 

To 2-/erNB«toxyc.rbonylammo-3K3.4-dihydroxy-phenyl)-propiomc acid methyl ester (12^g. 
38 6 nuaol) and triethyl amine (13 mL. 88.7 mmol) in methylene chloride (100 mL) at 0 C 
^ added N.phenyl.bis(trifluoromethanesulfonimide) (31.6 g. 88.7 mmol). THe mixture was 
anowed to stirred for two days then washed sequentially withlNNaOH.lNHaa^ 

org«.ic layer was dried over magnessium sul&te. concenja^ to a sobd. The sol«i was 
leoystallizedfiomeDichloremethanefliexane, MSfM + Na] 598. m.p. 80-82 C 



(c)H 

15 mftthvl WtCT . 

To 3K34-Bls-trifluoIomethanesu^fonylo:^-phenyl)-2-/e^^butoxycarbonylamm^^^^ acid 

methyl ^ (2 g. 3.47 mmol). diethyl phosphite (1 mL. 7.65 mmol) and 4-me^yl morphoUne 
(053 mL. 13 mmol) in MeCN (10 ml) was added Pd(Ph3)4 (167 mg. 0.15 mmol). The nuxtuie 
^ aUowed to stirred for two days at 95 -C then diluted with saturated l«UCl and ext^ 

20 EtOAc The organic layer was dried over magnessium sulfete, concentrated, and 
chxomatographed over siUca gel (5% MeOWBlOAc) to «i oil m g. 37% yield). MS [M H] • 
552andtM + Na]574. 

25 To^ soluUon of 3.p.4.BisKdiethoxy.phosphoryl).phenyll-2-rerr.b«toxycar^^^^^ 

p„,pionic «:id methyl ester (110 mg. 0.2 mmol) in S mL of TllF cooled to 0 C was added 
d^wise a solution of Uthium hydroxide monohydrate (8.5 mg. 0.2 mmol) in l.O mL of water. 
The reaction mfacture was stirred at O^C for I h. THF was removed mider reduced pressure to a 
yellow oil which was diluted with 10 mL of I N HCl. The aqueous phase was -^ "^^ 
30 CH2C12 (2x15 mL). and the extracts were combined, dried over NajSOA. ^ concentrated to 
afford an oil 107 mg (100%). MS [M - H]" 537. 

35 THe title compound was synthesized in a manner similar to that^described for Example 1. The 
product was obtained as a coloriess powder (20 mg). MS (M + H] 626. 
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to . »lkt Tl» «Ud «. «i:y«-lU»i so™ 

tM+Hi*3n. 

1.1,1 1 1 , 1 n I ri filii ilininr r li - T---^'" " '"" fiitnrn ^ rtMmyliininMmnriwte 

Kv K-iGOt g. 25^ ninol) at rt The leactkm was stored for 8 h before H2U y?» ^) 
Z^LJ^ .mr dUc .a (5% M^WCHOJ) » ». oa (? J g. <2./.). MS (M ♦ HI 
SS4. 

c, i 1 fi t ni ■-^■"'^ ■ ^ ^ ■^'^^^""""^'■^ 

+ 0.1% ammonium hydroxide) MS IM + HI 673. 



20 
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To methyl 3<4.hy<lroxypheayl) propionate (U g. 61 nuaoD in dry ether (250 mL) at 0 C. v«s 
added NaH (l.8g. 75 mmol) portionwise. Tte ie«>tioa mixture was stirred at room temperature 
for 1 hr «Hl diethyl chloiophosphate (10^ mL. 73 mmoD v«s «lded. Stirring was contimied for 
another 2 hrs. The reaction was quenched by slow addition of water. Organic layer was separated 
10 and «ieous layer was exttacted with ether twice. Combined organic layer was washed wi& 4N 
NaOH. brine and dried over MgS04. Aflerremovai of the solvent, the crude product was obtamed 
as a colorless ott (19.0 g. 9S */o). 

r. ^a-pt.thvlnhn5inho n ' T-^»'V'<roxnhenvn nTOnionic ITlBthYl WtCT 
15 Diisopropylamine (7.2 mL, 52.1 mmol) in dry THF (200 nL) at -78 «C was «ided BuLi (?2^ 
mL. 1.6 M in he»nes. 52.5 mmol) vU syringe. The reaction was stirred at -78 C for 30mm 3- 
(4.Dietl^ph««phonophe^yO pioptonic acid methyl ester (4.66 g 14.7 mmol) in dry THF (250 
mL) ^ added by c«m«lation. Stirring was continued at -78 °C for I hr. The reactron was 
allowed to warm to room temperature, quenched with staurated HH4CI (50 mL). The mucture was 
20 extnwted with ether 3 tunes, and combmcd organic layer was dried MgS04 and con^^^ 

residue was purified by flash column chromatography on siUca gel (50 % EtOAcftiexane. Rf - 
0.43) to give produa as a clear oU Q.2 g, yield 50 •/•). 

^.Diethylphosphono-t-hydroxphenyl) propionic acid methyl ester (316 mg. 1 inmol) was 
dLlved in 4 «L of DMF and CS2CO3 (429 mg. 1.32 mmol) was added, followed ^ dusopropyl 
bromomethylphosphonate (337 mg. 132 mmol). The reaction was stirred at 75 C under N2 
overnight The reaction was partitioned between EtOAc and HjO. organic layer was separated. 
30 dried over Na2S04 and concentrated. The residue was further purified by flash column 
chromatography on siUca gel (10 % MeOHflEtOAc. Rf = 0.45) to obtam the pure product as a 
clear oil 474 mg O^eld 96 %). 
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HoO The reaction mixture was stared at 0 C for l nr. inr , . 

^ . --^-^ «Ah nr.M rs X 10 mL). Combined organic was 

Electrospray mass spectrum: m/z 479.S0 (M-H). 



10 (e) 



20 as an oil 

carb-moynet^I^ 

25 »pylphospho«ometlu«yphcnyI)^hosphonicaciddi^^^ 

n mU at -12 °C was added TMSI (1.02 mL. 12 omoD. THe m«tare was stured for 
rj^2 «ctd J<^«r^ -i-^ -turated HaHC03 (4 mL). saUuated HaHS04 ^ 
Ti:lILgI--P«HficdbyRPHPLC(CH3CH/H20).Lyopb^^^^ 

139.5 mg (yield 68 %). Electrospray mass spectrum: m/x 597.45 (M-H). 



30 
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Sbicthoxyphosphoryl^ydroxyphcaylVpropionic acid mcdiyl ester (3.16 g. 10 ^ol) «d 
PKOTftaWg. 11 auaol) was dissolved m 30 «L dry DCM.Th^ C 
«„lNEt3(l.fi7iii.l2nunoO^«ddeddropv«sc.Tbcreactioaw^ 
10 slowly ™«d to rt Tte reacdoa mbctore was dUuted with 85 mL ether, then washed ^KlO 
I N NaOH. H20. brine. Hie organic layer was dried over M8SO4 «d concentrated. Crude 
product was purified by flash column chromatograghy on silica gel (EtOAc/he«ne 3:1. Rf = 
038) to obtain an oU. 3,41 g (yield 78 %). 

3K3^iethoxyphosphoryl^trlfluotometh««sul&nyloxy.phenyl)-ptopiom^ acid methyl «tcr (I 
- 123 mmol) vras dissolved in dry dio«ne 25 mL together with vinyl tributyltm (0.67 129 
Lol). Lia (283 mg. 6.7 mmoD. Pd(PPh3)2Cl2 (47 mg. 0.067 mmol) and a crystal of 2.6^- 
/er*-b«^l-4^ethy!phenoL Reaction mixture was degassed with Argon and heated to 98 C «>d 
20 stirred for 2 hrs. Reaction mixture was cooled tort and dUuted with excess ea^ 

saturated aqeous KF solution and stirred at rt overnight The reaction ^^^^"^^ 
n^cel and separated organic layer was washed w«h 1 N HCI. brine, dried N.2SO4 «^ 
concentrated. Brownish oil was purified by flash column chromatography (EtOAcflicxane 90:10. 
Rf = 0.50) to give an oil 470 mg (yield 65 %). 



25 



30 



f,)^ ^.nWh««vnl i 7 ^,Ttl»«>'-^farmvl-nhenvn Pmnioni«? And TH^tllYl e?tg 
3.(3-Diethoxyphosphoryl-4.vmyl-phcnyl) propionic acid methyl ester (200 mg. 0.61 mm^ 
11 LlvJla 3.9 mL CCU and 3.9 mL of McCH. NaI04 (388 mg. 1.81 mmol) was d^solved 
in 6 mL H20 and was added. The mixture was stirred vigorously «xd R«Cl3 (10 mg. 0.05 mmd) 
^ then added and the mixture was stirred for I hr at rt The reaction was «»»«^;^J^^ 
Uyer was separated, dried Na2S04 and concentrated. The residue was purtfied by flash 



53 



SUBSTITUTE SHEET (RULE 26) 



wo 99/24442 



PCTAJS98/24168 



10 



15 



oil, 153 mg (yield 76%). 

andNaBH3CN(67.0mB.Ummol)vwied«solvedm3mLMeOH.atnice y B 

.dded. «»d 2 N HO/McOH «lded dropwisc «ith stining to malntam the -^-1- - 
u . verv slowly Tbe Stirring was continued for an additional 45 mm. 

Z (4 xTot ^. combined ..^ >^ dn.d M^O. » ^ 

etude piodttct 330 mg (yield 100 %). 

mmol), PPh3 (289 mfoUiiimol)andCBr4 (365 iii&i.iiniiioi ^^k^^ 

. -^-^^ -f for I hr The mixture turned cloudy. Solid was 

THP TKc reacdon nuxture was stincd at 25 C tor i nr, lac 

TBS. The reacaon nuw«^ ^j^^^ 
fitful) And tiie fillxate was concentrated. The rcsiaue was luou^* v ^ 

ISO mg (yield 3S%). 



20 



25 



^ol)wastowLinP(Om)3(?na.U.4«moO«.dliic«ac^ 

r-I^ volatile component was blown away by N2 flow. THe product was obtamed as a clear 

I72mg(yield: 100%). 



compound was synthesized inamamxcr similar to that desert 
TOs compound was synthesized in a mamier simUar to that described in example I. 



w ' .I f ■ ■ " 

35 FhinFhnr""'^''^' nhrnvlVPho«!Phonig wifl 
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,y, p.r.,K.nv..t.hvHr q in- nrrhth - f ' "'^-^•T -^^'^'•'^ 




To a suspension of 5.fonnyl-6*yd««y.2-a.pb«hoic acid (U2 g. 5.18 mmol) in 73 «L DMF 
at uad^Ni was «ided 569 mg (5.69 nunol) of KHCO3 «k1 l.l I mL (932 nunol) of bcmy 
bromide. The mixture v«s stintd for 3 days, at v^ich point it was dUutcd with H2O and emcted 
10 with EtOAc. The extnct was washed with saturated aqueous NaHCOj. dried over MgS04 ««i 
concentrated in yacuo. The crude material was purified by flash chromatography on sUica geU 
using 85:15 hexancs-EtOAc as the eluent, to give 410 mg (25%). 

15 To a mixture of benzyl 5-formyl-6-ty«i««y-2.naphthoate (410 mg. 133 mmol) in 6:^5 mL of 
CH2CI2 t n und«N2 ^ -Wed 028 mL (2.00 -unol) of Et3N foUowed by 717 mg (2.00 
Bunol) of N^-henytaiflaoromethanesulfonhnide. THe mbcturc was stirred for 18 h at rt. dOu^ 
whh LnZ aqueous NaHCOs «id extracted with CH2CI2. The extract was dried over MgS04 
«,d concentrated in vacuo. The crude material was purified by flash chromatography on sihca 
20 geL Eltttion with 4:1 hexanes-Et20 afforded 560 mg (96%). 

To a solution of benzyl 5-for«yl-6.tt(trifluoromethyl)s«lfonylloxyl.2-nap^^^^^^^^^ mg 
(UTmmol) in 3.6 mL of dry DMSO «id 2.54 mL of dry MeOH at rt was added 039 mL (2^ 
25 lol) of Et3N. 8.5 mg (0.038 mmol) of Pd(OAc)2. and 15.6 mg (0^38 mmol) of 
bis(diphenylphosphino)propane. m mixture stirred under an ^^^^'^f ^ ^^^"^'^^ 
for I 5 h and then at 60 -C for 2 h. The mixture was then cooled to rt, dduted wi^ H2O and 
extracted with EtOAc followed by CHCI3. The combmed extracts were dried over MgS04 and 
concentrated in vacuo. The crude material was purified by flash chromatography on «^ geL 
30 Elation with 85:15 hexanes-E«5Ac afforded a mbcture of products. The mcoure was dduted wrth 
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ex^u. v«« dried over M6SO4 ««! conccatn^ted v.c«^ 

A mixture of 7-benzyloxycarboayH-methoxyaaphtho[l^-clfi»r«n-3(lH>one (33 mg. 0.095 
A mixture 01 / oenzyw y / ^ ^^^^^ 

nmospa«> * material was dissolved in 

apadofCclite.Tl»«t«tew.stheaccn^t«^«v^^^ acidifiedwiAl 
«^ mucous NdlC03 and washed v^EtOAaTlieaquj^^laye ^^ ^^^ 

il/ aqueous HCl «ad extracted with EtOAc The extract was dried over MgS04 and conccatraiea 
In vacuo afibiding 19 mg 09%). 

, ) 1 1 III II uu m - y '-■ln-^ntmVfffniflW^O- 

»n rfDIEi «d 17 mg (0.08« i»mol) otEDC lU. solutton ««> smwl for 4 h « «h«* 



30 



3S 



so uL of anisolc. The solution was stirred for 75 nun and tlien conoen 

3u UL, oi nPLC Elution widi 50:50 MeCN-H20 

Ni The residue was purified by preparative revetse-phase HPLC. Bluuon 
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5 10 (ddd, J = 3.9. 8.9. 17.0 Hz. IH). 3.57, 3.43 (ow m. IH). 327 (m. im 3.13. 2.90 (s. s. 
3H). 2.45 (m). 230-1.90 (br m). 1.75-1.50 (br m). UO-l.lO (br m). 0.88 (m) ppm. 



5 



p,y«iipple 16 




iH 



o 



' o 



10 



(10 drops) added. After additional 18 h. the rc«:tioa mixture was cooled toj^ ^ 
Z sa^ aqueous N.HCO3 and ^-^-^^^"--^T^^^^]"^^^^ 
«.d concentrated m vacuo U> give the title compound as ayell«w.^te sohd (5.19 g. 9<!%). 



IS 




fhj I i iaiiTl t . 'r - mftir-"""'"'"""""""' ■ ... ^^r,. n-x ran at 

„W» ^ ,h«. stod « n tor .8 hou^. m .^cfio. ™. 
10 ™k.d™*1.0M.^«-HClTl..««c.~sdriod.«rMgSO««-«««««.*>.'«~ 

mixture of the title compound and PKNHTf . 
B.,S.CHCH2 (2.6 mU MS =-0.) „.s .ddod. Tl. '^^^ '^^^ 

uyr «. drt«i M,so4 -uu. <" -'^ 
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{iuther purification. 

ZZL ia CH2C.2 (30 no.) «rf P,rtdi«= P »« « -7. -C »«. . ~tor 

N^c. M«S (2 0^) «^ P^M yea- CO-- ^ '"^^ 

. A 4- «/./^./> The erode material was diroinfttographed 

«vpr 18 h AU volatUes were then removed in vacuo. The croae mnw™ . ^ . 

, r — ■-■ui H rnin — •j-.-ifamn-inm-onc 
?! JIL of 3^^on.,.-2-»,**o«. i. THF (10 »" 

eOO mg, 19% 4» mal-yl 3^Hli=4«yt2-pM»««) « a "IA 

ovridiK CIM mL) It It TO •died Ac20 (126 mt O.l" mL, las mmoi). lo 

^ol .^'l conc^"-^ T,» cn-c e-H- - 
hcxanes-SOAc) to give the tide compcmid (100 mg. 44%). 

m <*7"» tnL^ and HlO (0.150 mL) at rt was added NaH2P04 mg, v. 

Zc. Id lZ=r:^>.U. Th. cr^c U,« TO dHcd MsS04 co«»««d » 
give the title compound (87 mg, 80%). 



25 
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trr:f. . . .... s.a. . 

Electrospray Mass Spectrum (50/50 acetonitrile^^tc^ + 0.1% «nmom«m hydwxxde) m/z 509 
(M-H). 



10 




IS 



20 



25 



^lrMr^uLc2aa(..«i,s.-o«d«pw«.Ato5.b.c..cHOCH,(,....^ 

HCl and EJjO to give the title compound. 

TO a solutioa of 5.fonnyl^hyd«»cy.l-naphthoic acid (1.89 g. 8.75 mmol m THF^OO mL) 
„d ElOH <?00 «L) ^ slowly added CH2K2 in Et^O until no SM remamcd by HPLC The 
excess CH2N2 was quenched with a smaU «nount of AcOH. and the voUtUes ^ then imoved 
.acuo. -nxe resulting crude arterial was chromatographed on silica gel (85:15 hexancs:EtOAc) 
to give the title compound. 

ToT^-^aTm^n^^ (500 mg. 2.17 mmol) - CH2CI2 

Z ^) t n was adL Et3K (483 mg. 4.78 mmol. 0.664 mL) followed by PbKTf. (92 mg^ 
2.6 nunol). 11.0 mixture was stirred for 18 h and then dUuted with Et20 and washed w^.OJ^ 
HQ The exttact was dried with MgS04 and concentrated in vacuo. THe crude materud was 
chromatographed on siUca gel (20:1 hexanes/EtOAc). and the materUl thus obtamed was 



30 
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. I A . <«f • ^-l mixture of the title compound and PhNHTf 
(cetystaUized from hexanes to give 1.0 g of a 3.2 muaure m 

(^0% yield). 



To a solution of a 3:2 mixture of methyl 5-formyi o u p.,..h^v..CHCli (155 

Ihthoate (1.5 mmol ) and PhNHTf in DMSO (4.5 mL) at n v«s added Pd2(dba)3 CHCI3 (155 
napnmoaie ^ «r > cO sas was bubbled through the mixture for 3 mm and 

mg. 0.217 mmol). and M^H (434 mL)^ „^ 

then EtjK (0.522 mL. 3.75 mmoO was «Id«l. The mu*^^^ 

hnhhled thioueh the mixture for another 10 mm. and the mixture was stiirea 

bubbled tnrougn uw m ^ . . , « »y ,„„«,iis HCl and extracted with EtOAc. The 

f 15 mU was added TsOH (150 mg) and CH(0Me)3 (0.5 ml.), we ™^ 

^15 mi-j was au v Hnirted with tttuiated aqucous NaHCOj, acidified wilh 

for2h. The mixture was theacooWto^d^^^^^ 

AcOHandex.ractedwithEtOAc.Theex.r«t^^dn«l-^^^ ^^^^^ 
25 The crude material was chromaU.graphed on ^ 

hexanes:EtOAc-AcOH) to give the title compound (120 mg. tro 
hydroxycaffaonylnaphtholl.2-clturan-3(lH)-one). 

^ if r,i 1 1 hirmnrr-r'--''"" '^'^^ "^^'^"^ ^"'^^'^ 

30 m l oil^XYlProyvn , . , . , sin^iiar to that described for example 15. 

The title compound was synthesized m a manner suniiar xo u» , . . . - 509 

(M-H). 
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CO2H 



10 




5 (a) 



T. . sow.. „,,,45.(1.3.JUhi,U.-2.yl)-6-bydroxy..ph*.-2-yU-L-OU(0-U 
II) « « «s ^ ty M»«y»»»no««. (0X123 ol, 0.W »m.D. fello««l K^3 

^ EKJAc. Tl» org«u. hy« ««W brin^ o«r MgS04 «»• 
coccailiMed to "KM to ghre Ike «fc oo»P<»»'<l °* 



15 (b)2£J_ 

Tr. »Z .f NBS (95 0^3 mn«.) h (0.7K -L) »d H2O CO. W ^ « 0 C 

^« WB. drirf over MgS04 «.i <».c»w«l i„ «»» to S.. 70 mg of to «1. «».po»l 
25 which was used without fiirtberpurificatiott. 
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(M-H). 



S f,ynniple 19 




10 



IS 



20 



0.1% ammonfami hydradde) mte 215.06 (M-IQ. 

ulthlcdithiol. TT^cmixU^re was stirred at ct for 4 days, m odxturc v«s th» ddutcd 

;:„^onMa,HaaadBtOAc. ^^J-^^TI':^^ 
then ^txucted vdth EtOAc. The organic layer was washed with 10 mL of H2O foUow y 
Tofbriae The washes v«re reextracted once with EtOAc, and the conxbrn^ 

mLofbnne. The material was purified by flash 

were dried over MgS04 and concentrated to a <larK rea soi rHCli-MeOH 
chromatography on silica gel. Elutioa with 20:1 CHCb-MeOH followed by 15.1 CHClj MeOH 
afforded 164 mg (66%). TLC (15:1 CHCb-MeOH). Rf 0.27. 

30 



25 
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10 



TO a solution of 155 mg (0.530 mmol) of 5<l>DithioIan-2-yl)^-hydn»^.^^^^^ 
and 220 mg (0.557 mmol) of that L.Gl«(OtB«).N(mcthyl) (3.cyclohexylpK.pyl) (WO 
tnZ, Z mL of 3.1 CH2C12.DMF at 0 under N2 was added 0.14 mL (0.795 mmol) of 
DIEA. 97 mg (0.636 mmoO of HOBT. and 122 mg (0.636 mmol) of EDC. m mixture v«s 
^ at rt for 3h and then pouted Into 5 mL of 1 W aq citric acid. The mixture was extracted 
^uZT^il^ extraTwas washed with 2x10 mL of H2O and 1x10 mL of brine. The 
.n«„us washes were reextracted once with EtOAc. and the combined cxtrac^were dried over 
Mr"4«^conce«.r.tedi.v«c„otogive4S9mgofadar.yeUowresidue. Thecrudern^ 

.was4.«rified by flash chromatography on sUica get Elution with 1:1 EtOAchexanes afforded 
306 .mg (94%) of a yeUow gum. TLC (1:1 hexanes-EtOAc). Rf 036. 







TO a mixture Of 305 mg (0.496 mmol) of WW-Dithiolan-2-yl)-6-hydro:^phth^^^^^^^ 
Glu(OtBu>i. (med^yl) (3.:yclohexylpropyl)in 3.0 mL of CH3CN at rt under N2 was added 024 
r^AS Lol) of ecu «»d 0.1s mL (1.04 mmoO of DIEA. T^e resulting soluUon was cooled 
to -5 -C resulting in the formation of a precipitate. To this mixture was added 6 mg (0 05 mmoO 
20 ofDMAPfollowedby0.16mL(0.719mmol)ofdiben^lphosphite. ^'^^"^^ 

stixred for 45 minwhUe warming to.5-C. -'^^ »^ ^ ^'tl "l^ ^ °' 
0^i^a,KH2PO4. Tl^c mix^ was stirred vigorously for 10 min at «^ d.h«^v^^^^^ 
H20. and extracted with EtOAc The extract was washed with 5 mL of H2O and 5 mL of brme^ 
The aqueous washes were reextracted once with ElOAc. and the combined extract were drt^ 
25 ^L1^04«ui concentrated in v««o to 490 mg. The crude material was pun^^ 
chromsIgra^hyoasiUcageL El„tionwithl:lEtOAc^ex«.esfoUowedW^^^^^^ 
afforded 413 mg (95%) of a Ught yeUow gum. TLC (1:1 hexanes-EtOAc). Rf 024. 

" tf^00mg(2.Slmmol)of>eSin3.7mLCH3a.l.0mLH2O.t0.Cw^ 

a solution of 410 mg (0.469 mmol) of //.l6KDlbenzylphosphonooxy)-5-(l>dtUv.^^^^^^^^^ 
naphtho.2-yll.L.Glu(0-l.l-dimethylethyl)-W (methyl) O-cyclohexylpropyl) m 22 mL of 
^3S:foUoLbytLo.5mLrinses.A«crl.5h,thereactionmixtur^ 

35 and poured into 5 mL of saturated aq N.HSO3. ^ layers were scparat^l. and ^he org««o 
11 was washed with 5 mL of saturated aq NaHC03. 5 mL of H20. and 5 mL of brme. The 
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^ ^ifh vjOAc and the combined extracts were dried over 
..p^eous washes v«»««tr««ed once wrth E^^^^ IH-NMR reveded the 
MgS04 and concentrated in vacuo to provide 492 mg of cruttc max 

. *^ •-:-,s^» Clash chromatography on sihca Silica gel eluting 
oiesence of a significant amount of succmunide. Flash cnromarognH' / 

piescace »i comoound ftom the succtnimide, therefore the 

with EtOAchexanes failed to separate the desired compouno u» 

mixture was carried into the next step. 



10 



15 



20 



A soiudon of 473 mg of a mixture of N^Cfi^be-yiphosphono^^^^^^^^ 
Glu(0.1.Wi«ethylediylViyr(me4yD (^cydohexylpropyl) -d succmimide m 4.1 mL of 95/, 
„ TFA contdning O.l mL of «iisoIe was stirred at rt for 3h. n.e soluUon was concenttated 
aqirAi»Buu>uuB ^.j, «s«ir r,^«ltt« was ourified by reverse phase HPLC. 

under a stream of N2. Tbe remaining dark pmk residue was punnwi y i- . 

unoer a siraun z ^. tpa to CHiCN containmg 0.1% TFA afBarded 143 

Gndient elution ftom H2O contammg 0.1% TFA to CH3^w conuumus 
„g (54% from /.46-(Dibcnzylphosphonooxy>5Kl.3-dithiolan-2-^^^^^^ 
l.ldmiethylethyl>// (methyl) (3-cyclohexylpropyl).of the tiUe 

Electrospray Mass Spectrum (50/50 acetonitrUe^^ter * 0.1% ''/f 
(M.H) lHNMR(300MH..DMSO^)dl0.70(s.lH).9,l5(d^ 

i6 0 8 0 HZ. IH). 8.59 (d. J » 2.6 HZ. IH). S39 (d. J - 9.1 Hz. IH). 8.15 (dd. J - 8S. 2.6 ^ 
1^' :^^I^9.0HriH).4.98(br.lH).3.8O.16(m,2^ 

m 1.96-^91 (m. 2H). 1.64-1.45 (m. 7H). 1.12-1.09 (m, 6H,. 0.88-0.81 (m. 2H) ppm. 




lucn of ,^^«hytou.op..W.)3-^-*.^iW* M-Uond. (1.64 

30 rM«h^»»C5.-L,^(5.»LX.^«^«-^=»-'-^'^^'^ 
«rf JL (SO mL). H» orguiic h,.. »« """""^T 
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(0.626 g. 77%). TLC: Rf 0.80 2/1 h««nes/e»hyl acetiUe; MS: (50/50 ««tomtrilc^«Ite^). MS [M 
+ H1* 500. 



(b)^ 

m "compound «as pccpanrd foUowing the' procedure of example 1 6. step f. 
was purifi^ by HPLC to yield a ^ite solid (25 mg). MS : (50/50 acetomtrtleA^UeO MS [M + 
10 IH NMR (300 MHZ. DMSO) : 6 735 (m. 2H). 7.20 (s. IH). 7.00 (s. IH). 4.95 (bs. 

lH);-3.05 (m. 2H). 2.80 (s. IH). 230 (m. 2H). 1.65 (m. 12H). 1.40 (t. 3H). 1.12 (m. 5H). 



15 





20 2llydnZr^^ 

(2i«) g 8 90 mmol). To this was added 3-bromopropaaol (0.80 mL, 9.16 mmoO and tiie 
ntoi^stinedfer20mia. Hie mixture ^ added to into vmter and extracted with BDAc. 
Tte combined extects were washed wiUi water, dried over magnesium sulfate and conceattated to 
a clear oU (236 g. 100%). MS (M - Hi" 183. 

25 

To 2-(3.hydroxy.propylsulfenyl)l.henol (29.2 g. 158.5 mmol) in THF (450^mL) was added 
triphenylphosphine (52.0 g. 200.0 mmol). The solution was cooled to ^0 C and diethyl 
.zodicarboxylate (31.5 mL. 164.0 mmol) was added slowly. The solution was wanned to rt and 
30 stirred for 2.5 h. The THF was removed by evaporation and the residue was treated with I L of 
EtjO. -me formed solids were filtered ofi; and the filtrate concentrated to «i o.I wh«h was 
purified over siUca gel (10% EtiO/hexane) to a pink oil (16.2 g, 61%). 
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1™. A »<ol»ed p™ip.u» slowly s««Kl u. ton. 9« Tto 

::^i..™ssu^««fc..»h..f..»hicacojs-™bu«.w*«.<h«6.:.mj^^ 

^nolv.d.*.o«»lol^~™<«d«».NHa U..^«.sc«.H*d«. 
«,,«,«io.,tald»lttoo«.po«»l«.««.«.MO"«.«lV*>^I"-Hl 

OO I 8. 157X) mmol). «»i 25% (18 »I, 12.^ m-D- Af« «mg « b. 

20 die anude as ataasoUd (10^ g, 64%). 

«C Hie 7 8^ydio^H.5^xa.9.thia.bcnz»cyclohcpten*4^^^ «o«i «nide (2.7 g. «.7 
25 n.mo0^addcd«asol«tioain20nd,dichioron.e*.-.Thedecp^«^^ 

0 -C for 10 mia. thea net acetyl chloride (10 mL. 140.6 ounol) vm mided dropvme ^ 
^.Tl«s«spcn,lonw«stincdatO-Cfor20aun.then«rtfor30I.T.cr^^^ 

^hed«ith4KHClandemctcdrepctcdly.^^ Tl! 
concentntioa yeilded the crude product Sgc (ethyl ««tate) yielded the product as a tan solid 
30 (1.6 g. 44%). MS [M - HI* 286. 

ZTZ^L SolldCs^COs (4.93 g. 15.1 n^oO^added^foUowedhyca^^^^^^ 
55 ofKI (0 I rt. The suspension v«s warmed to 70 'Cuud^ nitrogen and ^stmedf^^ 
CI^lf^itJZdwithe.hylacetate.nden«rgh4NHClto«akc*^ 
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aqueous layer «as extracted with more ethyl ««tate. The combined organic l^rs were w«hed 
with water ed brine. Drying over Na2S04 «d concentration yielded the product as a soW (1 g. 

40%). 




10 



To 2.acetyl-7.8^ydro.6if.5K,xa-9-thia-benzocyclohcptene-4-carboxy^ acid am.de (0.40 g. 
I 59 mmol) suspended in EtOH (10 mL) was added NaBft, (0.060 g. 1.59 mmol). nie m«tate 
was stirred for 5 min, made acidic with I N HCl. and the EtOH removed in vacuuo. THe aqueous 
was extracted with EtOAc. The combined extracts were washed with water, dried over magnesium 
sul&te and concentrated to a foam (035 g. 87%). MS [M + HI 252. 

no T f1 I'.riln - Tl iv fi 7 M' ilir'-^^-''-"-'" Q-thh-hrnrocYrMcptrnM-r^il^oyYliP mi mWe 
This compound was prepared as for example I (d). (0i6 g, 66%). 



15 



To 2<l-axido-ethylV7,8^ydro.6H-5-oxa-9-thia.benzocycloheptene-U^ acid amide 

(020 E. 0.73 mmol) in 1HF (5 mL) was added water (0.10 mL) and triphenylphosphine (0.19 g. 
0.73 mmol). IHe mixmre was heated to 50 V for 20 h, evaporated, and chomatographed over 
20 silica gel (10 % MeOH/CHCl3) to give a colorless oil (0.10 g, 55%). 




25 



30 



67 



SUBSTITUTE SHEET (RULE 26) 



wo 99/24442 



PCT/US98«4168 



Claims 

1. A compound ot the formula: 



wherein 
Yis 




G is -0-, -S- or -NR-; 

r6 comprises -APO3RR'. -OPOgRR*. -ASO3R. -OSO3R. -ACO^R. -A-tetrazole. 
-ASOgNRR'. -ACOCF3. -C(0)J. -C(R)(J)(K) or -C(Z)(J)(K); 

where each occurrence of A is independently a covalent bond. -G-M- or -(M)n,-; 

each occurrence of IWI is an independently selected, substituted or unsubstituted. 
methylene moiety, and any M-M' moiety may be electronically saturated or unsaturated: 

each n Is independently 0, 1 . 2. 3, 4 or 5; 
each m is independently 0, 1 or 2; 

J and K are independently -APO3RR'. -OPO3RR'. -ASO3R. -OSO3R. -ACOgR. 
-A-tetrazole. -ASOgNRR. -(M)„-NRR' or -(IW)n-OR; 

Z is a halogen; 

r7 and R« are independently R. -CN. -NOg. Z, J. -A(M)„aliphatic. -G(iyi)„aliphatic . 
-(M)COR -{IW)„OR. -<M)„COOR.-A-(M)^NRR'.-G(IW)qNRR'. -<M)^CHO. 
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-A(M)„N(R)(CO)R'. -A(M)„N(R)(CO)GR', -G(M)„N(R)(CO)R'. 
-G-(M)^N(R)(CO)G'R'. -A-(M)„-C0-NRR'. or -G(M)„-C0-NRR', where the 
aliphatic groups may be substituted or unsubstituted; or R^ is a covalent bond to an R* 
substituent of X to form an aliphatic, aryl or heterocyclic ring of 4 to 8 atoms which may be 
saturated or unsaturated; 

each occurrence of R (unnumbered) represents hydrogen or an aliphatic, heteroallphatic, 
aryl, heteroaryl, (aryl)allphatio-, or (heteroaryl)aliphatio- moiety, each of which (other than 
hydrogen) may be substituted or unsubstituted; 

q is an integer from 1 to 8; 

R^ is hydrogen, aliphatic.-<M)„-cycloaliphatic, -(M)„-aryl, or-(M)„-heterocyclic. each of 
which, other than H, may be substituted or unsubstituted; and R^ is hydrogen or 
substituted or unsubstituted aliphatic; 

or R^ and R* are covalently linked together to form a ring; 

or R^ or R^ are covalently linked to B or a substituent of B to fonn a 4 - 10-membered ring 
(which may be saturated or unsaturated); 

X Is: -(CR^R*)„- or -NR*-; 

r3 is hydrogen. R(CO)NR'-. RR'N(C0)NR"-, R'SO^NR-. R'C(S)NR-. RRNCSNR"-. 
RR'NSOgNR"-, R'OCONR-, RR'N-, or 



C^^^CONR— • 

R* is hydrogen, aliphatic, cycloaliphatio-(M)„-. aryKM)^- heterocyclio-(M)„-. 
R-SOaMn- . (RO.CO)(M)„- or (RR'N-CO)(M)„-. where the aliphatic, cycloaliphatic, 
aryl or heterocyclic moiety is substituted or unsubstituted; 

B is 
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"Vj-^^^ or ^ 



where 

R^' and are Independently selected from -(M)nR' -<5(Mn)R, -(M)„Z. 
-(M)„CN. -{M)„GR, -(M)„NRWR. -(M)„NRWHGiR, -(M)„W-R. -G-(M)„W-R. and 
-(M)^W-GR, or R^° and r" are covalently linked together to forni an aliphatic, 
hetercyctic or aryl fused ring; 

rI^ and R" are independently selected from the group consisting of hydrogen, 
aliphatic, heteroaliphatic. aryl. heteroaryl, (aryl)aliphatic-. or (heteroa.yl)aliphatic. each of 
which (other than hydrogen) may be substituted or unsubstituted; or R^^and R" are 
covalently linked together to form a heterocyclic moiety; and. 

U and W are independently -CO-. -CS-. -M-. -SO-, or -SOg-; 
or a phanraceutically acceptable derivative thereof. 

2. A compound of claim 1 of the formula: 



o riV o Q^V, J^A^o rfi\2 o rr2 



3. A compound of claim 2 containing a moiety which is H. 

4. A compound of daim 2 in which and R'* are H. 

5. A compound of daim 1 or 2 wherein n is 0. 1 or 2. 
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6. A compound of claim 1 wherein X is -CHCNHgh- 

7. A compound of claim 1 of the fomnula 

oi.R^ o^.p50 R^W c/-r50 R^Ra 

where R^ comprises a substituted or unsubstituted lower aliphatic or aikoxyl or is a 
substituted or unsubstituted -<M)„-aryl or -<M)„-heterocyclic group. 

8. A compound of claim 7 wherein R^ comprises -(M)„CH3, -{M)^aryl, 
-(M)nheterocyclic. -(M)nCN or -<M)nCOOR, where n is 0, 1 , 2. 3. 4. or 5. 

9. A compound of claim 7 wherein R^ is a methyl, ethyl, propyl, butyl, pentyl. hexyl. 
benzyl, aiyl. heterocyclic. -(CHgHiryl or -(CH2)-heterocyclic moiety, which may be 
substituted or unsubstituted. 

10. A compound of claim 7 wherein R^ comprises -(CH^)^CHy -(CH2)(CH2)naryl, 
-{CH2)(CH2)„heterocyciic. -(CH2)(CH2)nCN. or -(CH2)(CH2)„COOR. where n is 0. 1. 
2, 3, 4. or 5. 

11. A compound of claim 1 0 wherein R^ comprises -CHgCN. -(CH2)C00R. 
-{CH2)2COOR. -(CH2)3COOR. -{CH2)4COOR. where R is H. lower alkyi or benzyl. 

1 2. A compound of claim 1 0 wherein R^ comprises -©-(substituted or unsubstituted 
lower allcyl or benzyl). 

13. A compound of daim 1 of the formula 
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Where is hydrogen, substituted or unsubstltuted aliphatic (which may be branched, 
unbranched or cyclic), substituted or unsubstltuted aryKM)n-- substituted or 
unsubstltuted heterocyciic-(M)„-, or (COgRjCM)^-. 

1 4. A compound of claim 1 3 wherein R* is -{M)^(CO)OR, -(M)^S02R, 
-(M)„(C0)NRR'. or-(M)„(tetrazole). 

1 5. A compound of daim 1 4 wherein R* is -CH2COOR, -CH2SO2R, 
-CH2(C0)NRR'. or -tetrazole. 

16. A compound of daim 14 wherein each R and R' is independently H, lower alkyi or 
benzyl. 

17. A compound of daim 1 of the formula 



where R* is hydrogen, substituted or unsubstltuted aliphatic (which may be branched, 
unbranched or cyclic), substituted or unsubstltuted aryKM)„-. substituted or 
unsubstltuted heterocyclic-(M)n-. or (C02R)(M)n- 

18. A compound of daim 17 wherein R* is hydrogen. 

19. A compound of daim 1 of the f omuila 
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20. A compound of any of claims 7-12 wherein R and R* are H. 



21 . A compound of any of claims 1 - 20 wherein R^* Is H. 



22. A compound of any of claims 1 - 21 , having the formula: 




B 



wherein Is H. and comprises H. -(M)„H. -(M)„-(substituted or unsubstituted lower 
alkyi). -(M)„-(substituted or unsubstituted aryl). -{M)n-(substituted or unsubstituted 
heterocyclic). -{M)„COOR. or -(M)„(C0)NRR'. 

23. A compound of claim 22. wherein R^ is methyl, ethyl, l-propyl. n-propyl, n-butyl. 
isobutyi. n-amyl. sec-amyl. isoamyl. substituted benzyl. -CHa-KWndolyl), 
-CH2CH2COOR. -CH2CH2CONH2. -CHgCOOR or -CHaCONHg. 

24. A compound of claim 1-21 . wherein R^ and R* are independently selected, 
substituted or unsubstituted tower aliphatic groups, or R^ and R* are covalently linked tc 



wherein each of r\R^\ R\ and R*' is independently selected from H. -(M)„H. 
-{M)n-(substituted or unsubstituted lower alkyI). -(M)n-(substituted or unsubstituted 
aryl). -(fW)n-{substituted or unsubstituted heterocyclic). -<M)„-COOR and 



each other to form a ring. 



25. A corrpound of daim 1 - 21 . having the formula 




Ri4 Ripr 



-(M)^(CO)NRR . 
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26. A compound of claim 25, wherein each of . R"**. R^ and R^' is H. 

27. A compound of claim 1 - 24. wherein at least one of R^ and R^ is methyl, ethyl, 
i-propyl. n-propyl. n-butyl. Isobutyl, t-butyl. n-^yl. seo-amyl. isoamyl, substituted 
benzyl, -CHg-Ka-indolyl). -CHgCHgCOOR. -CHgCHgCONHg. ^HgCOOR or 

-CHgCONRR', or R^ and R^ are covalently linked to fomn a ring. 

28. A compound of claim 25. wherein at least one of R^ , R^', R^, and R^' is methyl, 
ethyl, i-propyl. n-propyl. n-butyl. isobutyl, t-butyl, n-amyl, seo-amyl, isoamyl. 
substituted benzyl. -CH2-(3-indolyl), -CHgCHjCOOR, -CHgCHgCONHa. 

-CH COOR or -CHgCONRR'. or two of r\ R^', R^. and R^' are covalently linked to 
form a ring. 

29. A compound of any of claims 1 - 28, wherein Y comprises 




30. A compound of daim 29 wherein 

r6 comprises -APOgRR, -OPOaRR*, -ASO3R. -OSO3R. -ACOjR. -A-tetrazole. 
-ASOgNRR*. -ACOCF3. -C(R)(J)(K) or -C(Z)(J)(K); and 

R^ and R® are independently H. -CN. -NOg. halogen. J. -A-(M)„aliphatic. 
-G-{M)„aliphatic. -{Ul)„OOCFy -{M)„OH, -(M)„COOR, -A-(M)„NRR'. 
-G-(M)^NRR'. -m)CHO, -A-{M)^N(R)(C0)R'. -G-{M)^N(R)(C0)R'. 
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-A-{M)„-C0-NRR'. or -G-(M)„-C0-NRR', where the aliphatic groups may be 
substituted or unsubstituted; or R^ is a covalent bond to an R* substituent of X to fc 
an aliphatic, aiyl or heterocyclic ring of 4 to 8 atoms; 

31. A compound of daim 29 wherein 

r6 comprises -APOgRR*. -OPO3RR'. -ACOgR. -ACOCF3 or -C(R)(J)(K); 
A comprises -CHg-. -OCHg-. -CFg-. -CHF- . -CHOH- or a covalent bond; 

each R and R' is H, or substituted or unsubstituted lower alkyi or substituted or 
unsubstituted benzyl; and, 

r7 and R» are independently H. J. -A-(M)„substituted or unsubstituted aliphatic. 
-G-{M)„substltuted or unsubstituted aliphatic, -(M)nC0CF3, -(M)nOH. -(M)nCC 
-A-(M)„NRR'. -(M)„CH0. -A-(M)„N(R)(C0)R' or -A-(Wl)„-CO-NRR'. 



f t 

32. A compound of claim 29 wherein R^ comprises -PO3RR , -OPO3RR , 
-CH2PO3RR'. -CF2PO3RR'. -OCHgCOgR. -NHCH2CO2R, -CHgCOgR. 
-CFgCOjR. -CH2SO3R. -CF2SO3R. -CH2COCF3. -CF2COCF3. -CHtPOgRR )2. 
-CH(0H)(P03RR'). -CH(NH2)(P03RR'). -CH(C02R)2. -CF(C02R)2. 
-CH(P03RR')(C02R"). -CH(P03RR')(S03R"). -CH(P03RR')(S02NH2). 
-CH(S02NH2)2. or-CH(S03RR')2. 

t 

33. A compound of claim 32 in which one or more of R. R' and R" in the -PO3RR . 
-OPO3RR', -CH2P03RR'. -CF2PO3RR'. -OCH2CO2R. -NHCH2CO2R. 
-CHgCOgR, -CF2CO2R. -CH2SO3R, -CF2SO3R, -CH2COCF3, -CF2COCF3. 
-CH(P03RR*)2. -CH(0H)(P03RR'). -CH(NH2)(P03RR'). -CH(C02R)2. 
-CF(C02R)2. -CH(P03RR')(C02R"). -CHCPOaRRKSOgR"). 
-CH(P03RR')(S02NH2). -CH(S02NH2)2. or -CH(S03RR')2 moiety is H. 
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34. A compound of claim 32 In which one or more of R, R' and R" in the -POgRR . 
-OPOjRR*. -CH^POgRR. -CF^POgRR*. -OCH2CO2R. -NHCH^COgR. 
-CH2CO2R. -CF2CO2R. -CH2SO3R. -CF2SO3R. -CH2COGF3. -CF2COCF3. 
-CH(P03RR')2. -CH(0H)(P03RR*). -CH(NH2)(P03RR'). -CH(C02R)2. 
-CH(P03RR')(C02R"). -CH(P03RR')(S03R"). -CH(P03RR')(S02NH2). 

-CH(S02NH2)2, or -CH{S03RR')2 moiety is -(M)^CH2Z. -(M)^CHZ2. -(M)„CZ3. 

_Ri5^ _M-0-C0-Ri5 or -M-0-CO-ORi5^ vvhere Z Is halogen and R^^ is substituted 

or unsubstituted lower aliphatic, aryl or heterocyclic. 

35. A compound of claim 34 in which R^^ jg methyl, ethyl, n-propyl. i-propyl. n-butyl. 
isobutyl. t-butyl. n-amyl, sec-amyl. benzyl or substituted benzyl. 

36. A compound of claim 32 - 35 wherein R^ and R* are H. 

37. A compound of claim 32 - 35 wherein R^ Is J. -A-(M)„(substltuted or 
unsubstituted aliphatic, aryi or heterocyclic). -CKM)„(substituted or unsubstituted 
aliphatic, aryl or heterocyclic). -{WD^COCFg. -(M)„OH. -(M)„COOR. -A-(M)„NRR\ 
-(M)„CHO. -A-(M)„N(R)(C0)R'. -A-(M)„-NRR* or -A-(M)„-C0-NRR': and R* Is 
H. 

38. A compound of claim 32 - 35 wherein R^ is lower alkyl. lower alkenyl. -OH.^ 
-NH2. -NO2. -CN. -WHR. -NHCOR. -CHO. -CHgCHO. -POgRR*. -OPO3RR. 
-CHgPOaRR*. -CF2P03RR". -OCHgCOgR. -NHCH2CO2R. -CH2CO2R. 
-CF2CO2R. -SO3R. -CH2SO3R. -CF2SO3R. -COCF3. -COGH2F. -COCF2H. 
-CF2COCF3 or -SOgNHg. 

t 

39. A compound of claim 38 in which one or both of R and R' in -PO3RR . 
-OPOgRR". -CHgPOgRR*. -CFgPOgRR'. -OCH2CO2R. -NHCHgCOjR. 
-CH2CO2R. -CF2CO2R. -SO3R. -CH2SO3R, or -CF2SO3R is H. 
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40. A compound of claim 38 in which one or both of R and R' in -PO3RR , 
-OPO3RR'. -CH2P03RR'. -CFgPOgRR". -OCH2CO2R. -NHCHgCOgR. 
-CH2CO2R. -CF2CO2R. -SO3R. -CH2SO3R. or-CF2S03R is -{m,^-CH^Z, 
-(M)^-CHZ2. -(M)„-CZ3. -R^^ -M-0-C0-R^5 -M-0-CO-OR^5 ^here Z is 
halogen and R^^ is substituted or unsubstituted lower aliphatic, aryl or heterocyclic. 

41 . A compound of claim 40 in which R^^ js methyl, ethyl, n-propyl. i-propyl. n-butyl, 
isobutyl. t-butyl. n-amyl, seo-amyl. benzyl or substituted benzyl. 

42. A compound of daim 29 wherein R« comprises -APO3RR* or -OPO3RR' and R^ is 
-A-<M)„- aliphatic or -GKM)^- aliphatic, where the aliphatic moiety is substituted or 
unsubstituted. 

43. A compound of daim 36 or 42 wherein R^ comprises -OPO3H2 . 

44. A compound of daim 29 wherein R^ and R^ are independently selected from J and 
K. 

45. A compound of daim 29 wherein R® Is -C(R)(J)(K). 

46. A compound of daim 45 wherein R is H. 

f 

47. A compound of daim 45 or 46 wherein J is -PO3RR . 

48. A compound of daim 47 in which one or both of R and R' are H. 

49. A compound of daim 47 in which one or both of R and R" are R^®. -{M)^-CU^, 
-(M)^-CHZ2. -{M)„-CZ3. -M-O-CO-R^s -M-O-CO-OR^^ where Z is halogen 
and is substituted or unsubstituted lower aliphatic, aryl or heterocydic. 

50. A compound of daim 49 in which R^^ jg methyl, ethyl, n-propyl. i-propyl. n-butyl. 
isobutyl, t-butyl. n-amyl, sec-amyl, benzyl or substituted benzyl. 
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A compound of daim 1-50, comprising a moiety B of the fonnula 




9 



where R^' R" and r" are independently selected from -(M)„R, -G(M„)R, -(M)„Z. 
-(M)„CN. -(M)„GR, -(M)„NRWR, -(M)„NRW-GR, -{M)„W-R. -G-(M)„W-R. and 
-(M)nW-GR. 

52. A compound of daim 51 comprising a moiety B of the fomnula 



53. A compound of daim 52 in which R^ is H or -WGR and R " is -G'M„R'. 



55. A compound of claim 54 in which R® is H or -C(0)NH2 and R is 
-0(CH2)n(aliphatic or cycioaiiphatic). 

56. A compound of claim 55 in which the aliphatic or cydoaliphatic group in R^* is a 
substituted or unsubstituted methyl, ethyl, n-propyl, n~butyl. t- butyl, n-pentyl, or 
benzyl mdety or comprises the formula -CHR^^rI? where R^^ and R^^ are 
independently seleded lower aliphatic groups or are covalently linked together forming a 
cydoaliphatic ring. 

57. A compound of d^m 55 in which n is 1 or 2. 




54. 



A compound of daim 51 - 53 in which R^^ is H. 
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58. A compound of claim 56 or 57 in whic* is -OCHgCHMeg, 
-0CH2CH(Me)(Et). -OCH2CH(Et)2, -OCH2CH(Me)(Propyl). -OCH2CH{Et)(Propyl). 
-OCH2CH(Et)(Propyi). -OCH2CH(propyl)2. OCH2cyclopentyl. OCH2cyclohexyl or 
OCH2cycloheptyl. 

59. A compound of claim 51 wherein one or more of the R. R* and R" groups of R^- 
Rio and R'*'' contain at least one substltuent selected from halo, hydroxy, aliphatic, 
amino, amido and sulfonamide moieties. 

60. A compound of any of claims 1 - 50 in which B is -C(0)NR*'2r''3. 

61 . A compound of claim 60 in which R^^ jg lower alkyi and R^^ is aliphatic, 
-M„-^ycloaliphatic, -M„-aryl. -M„-heteroaryl, or -MnCOgR. where the aliphatic, 
cycloaliphatic, aryl or heteroaryl moietyfies) is(are) substituted or unsubstituted). 

62. A compound of claim 61 in which R"*^ is -{CH2)n-aliphatlc 
-(CH2)n-cycloaliphatic. 

63. A compound of claim 62 in which n in R^^ is 2 - 4. 

64. A compound of any of claims 1 - 60 of the formula 
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